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Description 

This invention relates to a nematic liquid crystal composition. More particularly, it relates to a nematic 
liquid crystal composition which, when used for liquid crystal display elements, has an improved tempera- 
ture dependency for the threshold voltage and also has an improved temperature dependency for the 
intrinsic helical pitch (hereinafter referred to as "P"). 

Applications of twisted nematic (hereinafter referred to as "TN") type liquid crystal display elements 
have been rapidly expanded due to improvements in circuits, drive mode and cell preparation techniques, 
and due particularly to improvements in the characteristics of the liquid crystal compositions sealed in the 
elements. Nevertheless, the uses in the initial period have been directed only at watches, electronic 
calculators, and other simple displays. 

The rapid enlargement of the applications arising from improvements in the liquid crystal compositions 
owes a great deal to increase in the display capacity and broadening of the temperature range of the 
nematic liquid crystal phase. 

With respect to the increase in the display capacity, displays for hand-held computers and liquid crystal 
televisions are illustrative applications. With respect to the broadening of the temperature range of the 
nematic liquid crystal phase, displays for instruments on cars and instruments for outdoor use are 
illustrative. 

However, there are a large number of matters which remain to be improved in liquid crystal display 
elements. Examples of such matters are narrow angle of view, inferior contrast, low response speed, still yet 
small display capacity, reduction in the display quality due to ambient temperature change, and so on. 
Among these, the reduction in the display quality due to ambient temperature change is attributed to the 
change in the threshold voltage V th depending on temperature. 

In order to suppress the occurrence of reverse twist in the liquid crystal molecules and thereby to retain 
the display quality of liquid crystal display elements, it has been common place to add a very slight 
quantity of an optically active substance having a clockwise or counterclockwise helical twist sense. 
However, there is a problem that since the threshold voltage of the liquid crystal compositions continues to 
exhibit a considerable temperature dependency, a reduction in the display quality due to ambient 
temperature change is unavoidable. 

With respect to improvements in the angle of view and contrast, considerable improvements have been 
made by employing a supertwisted birefringence effect mode (abbreviated to SBE). The SBE mode is 
different in certain points from the TN mode. 

Firstly, according to the TN mode, the addition of a very slight quantity of an optically active substance 
helps the glass substrates when subjected to aligning treatment to twist the liquid crystal molecules by 90 0 
between substrates, due to their anchoring action. Here, the ratio (P/d) of the intrinsic helical pitch (P) of the 
liquid crystal composition to the cell thickness (d) of the display element is usually about 10 to 20. 
According to SBE- mode, however, by increasing to a large extent the quantity of added optically active 
substance thereby to give a value of P/d 2 or less, the liquid crystal molecule is twisted by 270* . 

Secondly, according to the TN mode, the liquid crystal molecules are aligned inside the display 
element when no voltage is impressed, so as to give an angle of the liquid crystal molecule against the 
glass substrates (that is, the pre-tiit angle) within several degrees. On the other hand, according to the SBE 
mode, the alignment is made so as to give a pre-tilt angle of about 20*. An example with the improved 
angle of view and contrast according to such a SBE mode has been reported (T.J. Scheffer, J. Nerhring, M. 
Kaufmann, H. Amstutz, D. Heimgartner and P. Eglin, Society for Information Display, 1985, International 
Symposium). 

However, this SBE mode, too. raises a problem. Namely, since the intrinsic helical pitch P varies 
depending on the temperature change, it occurs that when the value of P/d exceeds 2, a 270 • twist is 
changed to a 90 ° twist. It is necessary to keep the intrinsic helical pitch P at a constant value irrespective 
of temperature. 

Furthermore, with respect to improvement in the display capacity, it is necessary to improve the 
steepness of change in the transmittance in the case where a voltage is impressed on the display element. 
G. Bauer and W. Fehrenbach reported a calculation result that the steepness is improved to a large extent 
at 270° twist (15. Freiburger Arbeitstagung Flussigkristalle (1985)). In this case, too, it is necessary to be 
free from change in the intrinsic helicaJ pitch with change in the temperature. 

With respect to the improvement in the response speed, Nakagawa and Masuda reported that the 
response speed has been improved by employing a double-layered guest-host mode (abbreviated to DGH 
mode), wherein two pieces of a liquid crystal display element of guest-host type are placed on one another, 
and liquid crystal compositions having P/d = 1.0 (this is, a 360* twist) are employed (Nakagawa and 
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Masuda, Society for Information Display, 1985 International Symposium). In this case, too, it is important to 

be free from change in the intrinsic helical pitch with change in the temperature. 

Moreover, in display elements with the phase transition mode (PC mode), it is also better to be free 

from change in the intrinsic helical pitch with change in the temperature. Furthermore, with respect to 
5 overcoming reduction in the display quality depending on ambient temperature change, this result may be 

effected by reducing the temperature dependency of the threshold voltage V th . 

As to the cause of change in the threshold voltage V th depending on the temperature range, changes in 

the elastic constant of the nematic liquid crystals, the dielectric anisotropy, and other factors, depending on 

the temperature change, changes in the intrinsic helical pitch depending on the temperature change, and so 
10 on, are enumerated. 

Some attempts have been made to improve the temperature dependency of the threshold voltage. 
Among these, a process of improving the temperature dependency of the threshold voltage by controlling 
the change in the intrinsic helical pitch with change in the temperature has often been carried out. 

When an optically active substance is added to a nematic liquid crystal, the relationship given by the 
75 following equation (1 ) applies between the concentration C of the optically active substance and the intrinsic 
helical pitch P of the resulting liquid crystal composition. The reciprocal of the intrinsic helical pitch, P" 1 , is 
referred to as "twistability" and exhibits the strength of twist: 

P" 1 = h.C (1) 

20 

wherein h is referred to as the helical twisting power and is a constant intrinsic of the optically active 
substance and varies depending with temperature. The change in h depending on the temperature change 
is expressed by the following equation (2): 

25 h = a + 0T + y T 2 + — (2) 

wherein a, 0, 7 , — each represent proportionality factors. 

An example of the twistability (P -1 ) dependency of the threshold voltage V th in the case where the 
temperature is constant and also the cell" thickness of the TN type liquid crystal element is constant, is 
30 shown in Figure 1. Figure 1 shows the relationship between the twistability (P" 1 ) and the threshold voltage 
V th in the case where an optically active substance C-1 expressed by the formula: 



35 . , , | 

NC^O/-(0)- CH 2CHC 2 H 5 

40 is added to a nematic liquid composition A shown below: 
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As seen from Figure 1, the threshold voltage V th rises with increase of the testability (P" 1 ) Namely the 
longer becomes the intrinsic helical pitch P of the liquid crystal composition, the more the threshold voltage 
v lh is reduced. 

Further the temperature dependency of the testability (P-) in the case where the optically active 
substance C-1 is added at 0.4% by weight to the above nematic liquid crystal composition A is shown in 
Figure 2. As can be seen from Figure 2, the testability (P-) decreases with temperature rise, and the 
intrinsic helical pitch P of the liquid crystal composition increases with temperature rise. 

On the other hand, the temperature dependency of the threshold voltage V lh is shown in Figure 3 
The threshold voltage V, h decreases with temperature rise. This indicates that as seen from Figure 1 
and Figure 2, the intrinsic helical pitch P of the liquid crystal composition increases with temperature 
increase thereby to lower the threshold voltage V th . Furthermore, it has been known that the threshold 
voltage V th decreases depending on decrease in the elastic constant of the composition due to the 
temperature rise. 

Thus in order to reduce the temperature dependency of the threshold voltage V, h . the intrinsic helical 
pitch P of the liquid crystal composition is preferred to be shorter with rise in the temperature 

As apparent from the foregoing, control of the temperature dependency of the intrinsic helical pitch is 
very important for overcoming various problems occurring in the liquid crystal display elements operated 
w.th vanous d.splay modes. Namely, for SBE mode, DGH mode and PC mode, the intrinsic helical pitch 
has to be constant irrespective of temperature. Further, in order to improve the temperature dependency of 
the threshold voltage in the case of the TN mode, the intrinsic , helical pitch has to be shorter with the 
temperature rise. However, too steep a reduction in the cholesteric pitch with temperature rise is not always 
satisfactory. Thus it is also necessary to adjust the extent of the change of the intrinsic helical pitch 
depending on the temperature change. However, if a generally known optically active substance is added 
the intrinsic helical pitch of the resulting nematic liquid crystal composition increases with the temperature 
rise. In short, the testability (P-) decreases with temperature rise; hence even if the substance alone is 
added, it is impossible to control the temperature dependency of the intrinsic helical pitch. That is it is 
impossible to be free from the temperature dependency of the intrinsic helical pitch or to obtain a 
temperature dependency which is contrary to conventional one. 

When a plurality of optically active substances are added to nematic liquid crystals, the intrinsic helical 
Pitcn (P ) Mix of the resulting liquid crystal composition is given by the following equation (3): 
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This equation (3) indicates that the (P~%b< of the final liquid crystal composition is the sum of the 
respective P~'s obtained when the respective optically active substances are singly added to the original 
nematic liquid crystals at a concentration of Q. 

In addition, when the helical twisting power h is taken as positive relative to right-twisted optically active 
5 substances and made negative relative to left-twisted optically active substances, the intrinsic helical pitch 
Pmjx of the liquid crystal composition obtained by adding a mixture of right-twisted and left-twisted optically 
active substances to nematic liquid crystals is aJso correctly given by the equation (3). 

In the case of conventional optically active substances, if two optically active substances each having a 
twist in the same sense are mixed and the mixture is added to nematic liquid crystals, the resulting 
io temperature dependency in the intrinsic helical pitch is nothing but an intermediate one between the two 
temperature dependencies. Thus it is impossible to be free from the temperature dependency or to obtain a 
temperature dependency which is contrary to the conventional values. 

Now, it has been reported that when an optically active substance having a right-sense helical twist is 
mixed in a definite proportion with one having a left-sense helical twist and the mixture is added to nematic 
75 liquid crystals, then it is possible to be free from the temperature dependency of the intrinsic helical pitch or 
to obtain a temperature dependency which is contrary to conventional values (for example, see USP 
4,264,148, issued April 28, 1981). In this case, however, an optically active substance having right twist and 
that having left twist are mixed so as to compensate these twists relative to one another thereby to obtain a 
definite intrinsic helical pitch. Hence there is a case where the testability (P~ 1 ) becomes zero even in the 
20 vicinity of room temperature, depending on the mixing proportions. Above and below this temperature, the 
twisting senses are reversed relative to one another thereby notably reducing the display quality of liquid 
crystal display elements using a liquid crystal composition of this type. Thus, only a considerably limited 
range of mixing proportions will be employed. Furthermore, since the change in the intrinsic helical pitch is 
notable due to a slight difference of the mixing proportion, the temperature control of the intrinsic helical 
25 pitch is considerably difficult. 

it is also to be noted that since both a right twist optically active substance and a left twist one are to be 
added, one cannot help increasing the quantities thereof added, in order to obtain a desired helical pitch. 
Thus, the characteristics of the resulting nematic liquid crystal composition such as transition point, 
viscosity, threshold voltage V thl etc, change considerably from the characteristics of the original nematic 
30 liquid crystals. Additionally, since optically active substances are expensive, the final liquid crystal 
composition is considerably expensive. 

On account of these drawbacks, practical use of a liquid crystal composition with such two kinds of right 
twist and left twist optically active substances has been notably restricted. 

35 Objects Of The Invention 

A first object of the present invention is to provide liquid crystal compositions having a temperature 
dependency of the testability (P~ 1 ) which is contrary to conventional values and increases with temperature 
rise. 

40 A second object of the present invention is to provide nematic liquid crystal compositions almost free 
from the temperature dependency of the testability (P"" 1 ). 

A third object of the present invention is to provide a liquid crystal display element having inhibited 
reduction in the display quality due to ambient temperature change and also having improved angle of view, 
contrast, response speed, etc, in the TN mode, SBE mode or DGH mode. 

45 

Summary Of The Invention 

With these objects in mind, the present inventors have made extensive research on the temperature 
dependency of the intrinsic helical pitch of liquid crystal compositions induced by singly adding various 

so optically active substances to nematic liquid crystals. As a result, the present inventors have found that the 
so far known optically active substances reduce the reciprocal of helical pitch, P~\ of the resulting liquid 
crystal composition with temperature rise (that is, the temperature dependency is negative), whereas utterly 
contrarily to the above, there exist optically active substances which, when singly added to nematic liquid 
crystals, have the effect of increasing testability P" 1 of the induced cholesteric phase in the resulting liquid 

55 crystal composition with temperature rise (that is, the temperature dependency is positive). Furthermore, the 
present inventors have also found that when an optically active substance which makes positive the 
temperature dependency of P" 1 is mixed with an optically active substance which has the same helical 
twist sense as that of the former substance and makes the temperature dependency negative, and the 
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mixture is added to nematic liquid crystals, it is possible to optionally control the temperature dependency 
of the intrinsic helical pitch of the resulting liquid crystal composition. 

Preferred Embodiments 

The present invention in a first aspect resides in 

(1) a nematic liquid crystal composition which comprises (i) at least one member of optically active 
substances which are the same in the helical twist sense to one another and make positive the 
temperature dependency of the testability in terms of the reciprocal of the intrinsic helical pitch thereof, 
of the cholesteric phase induced when singly added to at least one member of nematic liquid crystals, 
and (ii) at least one member of nematic liquid crystals, thereby to notably increase the testability with 
temperature rise. 

Embodiments of the item (1) are shown in the following items (2) to (6): 

(2) a nematic liquid crystal composition as an optically active substance according to the item (1), 
wherein said optically active substances are selected from the group consisting of compounds expressed 
by the formula (la), those expressed by the formula (lb) and those expressed by the formula (Ic), and 
have optically active 

-ocH-ir 
* 

group or 

'\ 

-OC- R" 3 
★ 



group: 
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(Ic) 



In the above formula (la), 

0,0 and0 

each independently represent benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or pyridine 
ring; 

X and m each represent an integer of 0, 1 or 2; 
n represents an integer of 1 or 2; 
the total value of (I + m + n) is 1 to 4; 
X represents a single bond, 




-CH 2 -or -CH2CH2-; 

Y represents a single bond when 1=0; 
Z represents a single bond when m = 0; 

Y and Z each independently represent 
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O O 
II II 
-co-, -00, 

-CH2O-, -OCH2-, -CH 2 CH 2 -, -CH = N- or -N = CH- when I'm * 0; 

R represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group; 
R 1 represents a linear chain alkyl group of 2 to 10 carbon atoms; and 

X represents a single bond when R is cyano group. In the above formula (lb), 

, (b^ and (^y 

each independently represent benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or pyridine 
ring; 

x and z each represent an integer of 0 or 1 ; 
y represents an integer of 0, 1 or 2; 
the total value of (x + y + z) is 0 - 2; 

XI represents a single bond, 




-ChfeO-or -CH2CH2"; 

Y1 represents a single bond when y = 0, and 
Y1 represents 

0 O 
H II 
-CO-, -0C-, 

-CH 2 0-, -OCH 2 -. -CH2CH2-, -CH = N- or -N = CH- when y is 1 or 2; 
Z1 represents a single bond, 

O O 
H fl 
-CO-, -0C-, 

-CH 2 0- ( -OCH2-, -CH 2 CH 2 -, -CH = N- or -N = CH-; 

P, T 2 , T 3 and T* each independently represent hydrogen atom, a halogen atom or cyano group; 
R 2 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group or a 
halogen atom, and X1 represents a single bond when R 2 is cyano group or a halogen atom; and 
R 1 represents a linear chain alkyl group of 2 to 10 carbon atoms. 
In the above formula (Ic), 

(jy , (^y and (cy 

each independently represent benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or pyridine 
ring; 

x and z each represent an integer of 0 or 1 ; 
y represents an integer of 0, 1 or 2; 
the total value of (x + y + z) is 0 to 2; 
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Yi represents a single bond when y = 0, and 
Yi represents 



O 0 
II II 
-CO-, -OC-, 

-CH 2 0-, -OCH 2 -, -CH2CH2-, -CH = N- or -N = CH- when y is 1 or 2; 
Z1 represents a single bond, 

0 0 
II II 
-CO-, -OC-, 

-CH 2 0-, -OCH2-, -CH 2 CH 2 -, -CH = N- or -N = CH-; 

T\ T 2 , T 3 and T* each independently represent hydrogen atom, a halogen atom or cyano group; and 
R 1 and R 3 each independently represent a linear chain alkyl group of 2 to 10 carbon atoms. 

(3) A nematic liquid crystal composition according to the item (2) wherein said optically active 
substances selected from compounds expressed by the formula (la), compounds expressed by the 
formula (lb) and compounds expressed by the formula (Ic) are contained in a quantity in the range of 
0.05 to 10% by weight in said composition. 

(4) A nematic liquid crystal composition according to the item (2) wherein said optically active 
substances are expressed by the formula (III) 




(III) 



wherein a represents an integer of 0, 1 or 2; b represents an integer of 1 or 2; the value of (a + b) is 2 
or 3; V1 represents a single bond when a = 0, and represents -COO-, -OCO-, -CH 2 0-, -OCH 2 - or 
-CH 2 CH 2 - when a is 1 or 2; and R and R 1 are as defined above. 

(5) A nematic liquid crystal composition according to the item (2) wherein said optically active 
substances are expressed by the formula (IV) 




(IV) 



wherein c and d each represent an integer of 0 or 1; V 2 represents a single bond, -COO- or -OCO-; T\ 
T 2 , T 3 and T*. each represent hydrogen atom, halogen atom or cyano group; and R 1 and R 2 each are as 
defined above. 

(6) A nematic liquid crystal composition according to the item (2) wherein said optically active 
substances are expressed by the formula (V) 




wherein e represents an integer of 0, 1 or 2; f represents an integer of 1 or 2; the value of (e + f) is 1 to 
3; V 3 represents a single bond when e = 0, and represents -COO- or -CH 2 0- when e is 1 or 2; and R 1 
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and R 3 are as defined above. 
The present invention in a second aspect resides in 

(7) a nematic liquid crystal composition which comprises (i) at least one member of optically active 
substances which make positive the temperature dependency of the testability in terms of the reciprocal 
of the intrinsic helical pitch thereof, of the cholesteric phase induced when singly added to at least one 
member of nematic liquid crystals, and (ii) at least one member of optically active substances which 
have the same helical twist sense as that of the former optically active substances and make negative 
the temperature dependency of the testability of the induced cholesteric phase when singly added to at 
least one member of nematic liquid crystals. The embodiments of the item (7) are shown in the following 
items (8) to (17): 

(8) A nematic liquid crystal composition according to the item (7), wherein said optically active 
substances (i) which make positive the temperature dependency of the testability of the cholesteric 
phase induced when singly added to at least one member of nematic liquid crystals are compounds 
selected from the group consisting of compounds expressed by the following formula (la), compounds 
expressed by the following formula (lb) and compounds expressed by the following formula (Ic), and said 
optically active substances (ii) which have the same helical sense as that of the former optically active 
substances and make negative the temperature dependency of the testability of the cholesteric phase 
induced when singly added to at least one member of nematic liquid crystals are compounds expressed 
by the following formula (II): 




(ic) 

In the above formula (la), 

^T) , <JT) and 

each independently represent benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or pyridine 
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ring ; 

X and m each represent an integer of 0, 1 or 2; 
n represents an integer of 1 or 2; 
the value of (X + m + n) is 1 to 4; 
X represents a single bond, 



O O 
N II 
-C-, -co-, 

-CH 2 «or-CH 2 CH 2 -; 

Y represents a single bond when X = 0, and Z represents a single bond when m = 0, and Y and Z each 
independently represent 



0 0 
li II 
-CO-, -OC-, 

-CH 2 0-, -OCH2-, -CH 2 CH 2 -, -CH = N- or -N = CH- when X*m * 0; 

R represents an alky I group or an alkoxy group each of 1 to 15 carbon atoms or cyano group; 

R 1 represents a linear chain alkyl group of 2 to 10 carbon atoms; and 

X represents a single bond when R is cyano group. In the above formula (lb), 



/ (b) and (c^ 



each independently represent benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or pyridine 

ring; . 

x and z each represent an integer of 0 or 1 ; 

y represents an integer of 0, 1 or 2; 

the value of (x + y + z) is 0 to 2; 

Xi represents a single bond, 

O O 
II -II 
-C-, -co-, 

-CH 2 Oor -CH 2 CH 2 -; 

Yi represents a single bond when y = 0 and represents 

O O 
II II 
-CO-, -OC-, 

-CH 2 0-, -OCH 2 -, -CH 2 CH 2 - f -CH = N- or -N = CH- when y is 1 or 2; 
Zi represents a single bond, 



O O 
li II 
-co-, -OC-, 



-CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = N- or -N = CH-; 
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T\ T 2 , T 3 and T 4 each independently represent hydrogen atom, a halogen atom or cyano group; 
R 2 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group or a 
halogen atom, and when R 2 Is cyano group or a halogen atom, Xi represents a single bond; and 
R 1 represents a linear chain alkyl group of 2 to 10 carbon atoms. 
In the above formula (Ic), 

<J) , ^T) and (T^ 

each independently represent benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or pyridine 
ring; 

x and 2 each represent an integer of 0 or 1; 

y represents an integer of 0, 1 or 2; 

the value of (x + y + z) is 0 to 2; 

Yi represents a single bond when y = 0, and represents 



-CO-, -OC-, 

-CH 2 0-, -OCH2-, -CH2CH2-, -CH = N- or -N = CH- when y is 1 or 2; 
Z1 represents a single bond, 

0 O 
II II 
-co-, -OC-, 

-CH2O-, -OCH 2 -. -CH 2 CH2-. -CH = N- or -N = CH-; 

T\ T 2 , T 3 and T* each independently represent hydrogen atom, a halogen atom or cyano group; and 
R 1 and R 3 each independently represent a linear chain alkyl group of 2 to 10 carbon atoms. 




(ID 



In the formula (II), 




each independently represent benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or pyridine 
ring; 

p and q each represent 0, 1 or 2; 
r represents 1 or 2; 
the value of (p + q + r) is 1 to 4; 
s represents 0, 1-, 2, 3 or 4; 

X2 represents -0-, -CO-, -COO-, -OCO-, -OCOO-. -OCH 2 -or -OCH 2 CH 2 -; 
Y 2 represents a single bond when p = 0; 
2 2 represents a single bond when q = 0; 

Y 2 and Z 2 each independently represent -COO-, -OCO-, -CH 2 0-, -OCH 2 -, -CH2CH2-, -CH = N- or 
-N = CH- when p - q * 0; 

W represents a single bond, -COO- or -OCO- when s = 0, and represents -0-, -COO- or -OCO- when s 
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represents 1 , 2, 3 or 4; 

R* represents an alkyl group of 1 to 1 5 carbon atoms or cyano group; 
R 5 represents a linear chain alkyl group of 2 to 10 carbon atoms; and 
X2 represents a single bond when R 4 is cyano group. 

(9) A nematic liquid crystal composition according to the item (8) wherein optically active substances 
selected from the group consisting of compounds expressed by the formula (la), compounds expressed 
by the formula (lb) and compound expressed by the formula (!c), together with optically active 
substances expressed by the formula (II), are contained in a quantity of 0.05 to 10% by weight in the 
composition. 

(10) A nematic liquid crystal composition according to the item (8) wherein said optically active 
substances which make positive the temperature dependency of the testability are compounds ex- 
pressed by the following formula (III) and said optically active substances which have the same helical 
twist sense as that of the former optically active substances and make negative the temperature 
dependency of the twistability are compounds expressed by the following formula (VI): 




(III) 



wherein a represents an integer of 0, 1 or 2; 
b represents an integer of 1 or 2; 
the value of (a + b) is 2 or 3; 

Vt represents a single bond when a = 0 and represents -COO-, -OCO, -CH 2 0, -OCH 2 - or -CH 2 CH 2 - 
when a is 1 or 2; 

R represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group; and 
R 1 represents a linear chain alkyl group of 2 to 10_carbon atoms. 




CH, 



W ; -CH 2 -CH-C 2 H 5 



(VI) 



wherein g represents 0, 1 or 2; 

h represents 1 or 2; 

the value of (g + h) is 1 to 3; 

V 4 represents a single bond when g = 0 and represents -COO-, -OCO-, -CH 2 0- or -OCH 2 - when g is 1 
or 2; 

Wi represents a single bond, -O- or -COO; and 

R 6 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group. 
(11) A nematic liquid crystal composition according to the item (8) wherein said optically active 
substances which make positive the temperature dependency of the twistability are compounds ex- 
pressed by the following formula (HI) and said optically active substances which have the same helical 
twist sense as that of the former optically active substances and make negative the temperature 
dependency of the twistability are compounds expressed by the following formula (VII): 




O 



a V l 




O 



CH. 



b OCH-R* 



(III) 



wherein a represents an integer of 0, 1 or 2; 
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b represents an integer of 1 or 2; 
the value of (a + b) is 2 or 3; 

Vt represents a single bond when a = 0 and represents -COO-, -OCO-, -CH 2 0-, -0CH 2 - or -CH 2 CH 2 - 
when a is 1 or 2; 

R represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group; and 
R 1 represents a linear chain alkyl group of 2 to 10 carbon atoms. 

O CH 3 

b7 "({2)^ V5 {^2))t" 0 ^ h " r8 <vi1> 

wherein i represents 0, 1 or 2; 

j represents 1 or 2; 

the value of (i + j) is 1 to 3; 

V 5 represents a single bond when i = 0 and represents -COO. -OCO-, -CH 2 0- or -OCH 2 - when i is 1 or 
2; 

r7 represents an alkyl group or an aikoxy group each of 1 to 15 carbon atoms; and 
R 8 represents a linear chain alkyl group of 2 to 10 carbon atoms. 

(12) A nematic liquid crystal composition according to the item (8) wherein said optically active 
substances which make positive the temperature dependency of the twistability are compounds ex- 
pressed by the following formula (IV) and said optically active substances which have the same helical 
twist sense as that of the former optically active substances and make negative the temperature 
dependency of the twistability are compounds expressed by the following formula (VI): 




(IV) 



wherein c and d each represent an integer of 0 or 1; 
V 2 represents a single bond, -COO- or -OCO-; 

T\ T 2 , T 3 and T 4 each represent hydrogen atom, halogen atom or cyano group; 
R 1 represents a linear chain alkyl group of 2 to 10 carbon atoms; and 

R 2 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms, cyano group or halogen 
atom. 



CH 3 

R6 {K^ (VI) 

wherein g represents 0, 1 or 2; 

h represents 1 or 2; 

the value of (g + h) is 1 to 3; 

V* represents a single bond when g = 0 and represents -COO-, -OCO-, -CH 2 0- or -OCH 2 - when g is 1 
or 2; 

represents a single bond, -O- or -COO-; and 
R 6 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group. 
(13) A nematic liquid crystal composition according to the item (8) wherein said optically active 
substances which make positive the temperature dependency of the twistability are compounds ex- 
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pressed by the following formula (IV) and said optically active substances which have the same helical 
twist sense as that of the former optically active substances and make negative the temperature 
dependency of the twistability are compounds expressed by the following formula (VII): 




(IV) 



wherein c and d each represent an integer of 0 or 1 ; 
V 2 represents a single bond, -COO- or -OCO-; 

T\ T 2 T 3 and T 4 each represent hydrogen atom, halogen atom or cyano group; 
R 1 represents a linear chain alkyl group of 2 to 10 carbon atoms; and 

R 2 represents an alkyl group or an aikoxy group each of 1 to 15 carbon atoms, cyano group or halogen 
atom. 




(VII) 



wherein i represents 0, 1 or 2; 

j represents 1 or 2; 

the value of (i + j) is 1 to 3; 

V 5 represents a single bond when i = 0 and represents -COO-, -OCO-, -CH 2 0-,or -OCJV when i is 1 or 
2; 

R 7 represents an alkyl group or an aikoxy group each of 1 to 1 5 carbon atoms; and 
R 8 represents a linear chain alkyl group of 2 to 10 carbon atoms. 

(14) A nematic liquid crystal composition according to the item (8) wherein said optically active 
substances which make positive the temperature dependency of the twistability are compounds ex- 
pressed by the following formula (V) and said optically active substances which have the same helical 
twist sense as that of the former optically active substances and make negative the temperature 
dependency of the twistability are compounds expressed by the following formula (VI): 



R^CHO-f/oV^V^-KO/^rOCH-R 1 (V) 



wherein e represents an integer of 0, 1 or 2; 
f represents an integer of 1 or 2; 
the value of (e + 0 is 1 to 3; 

V 3 represents a single bond when e = 0 and represents -COO- or -CH 2 0- when e is 1 or 2; and 
R 1 and R 3 each independently represent a linear chain alkyl group of 2 to 10 carbon atoms. 



R 6 -K i OH 7 V 4 -f-/0>+h» 1 -CH 2 -CH-C 2 H 5 (VI) 





f»3 



wherein g represents 0, 1 or 2; 

h represents 1 or 2; 

the value of (g + h) is 1 to 3; 
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V* represents a single bond when g = 0 and represents -COO-, -OCO-, -CH 2 0- or -OCH 2 - when g is 1 
or 2; 

Wi represents a single bond, -0-,or -COO-; and 

R 6 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group. 
(15) A nematic liquid crystal composition according to the item (8) wherein said optically active 
substances which make positive the temperature dependency of the twistability are compounds ex- 
pressed by the following formula (V) and said optically active substances which have the same helical 
twist sense as that of the former optically active substances and make negative the temperature 
dependency of the twistability are compounds expressed by the following formula (VII): 

CH 3 CH 3 
R 3 -CHO-4/oWv 3 -H^oWoCH-R 1 (V) 



wherein e represents an integer of 0, 1 or 2; 
f represents an integer of 1 or 2; 
the value of (e + f) is 1 to 3; 

V 3 represents a single bond when e = 0 and represents -COO- or -CH 2 0 when e is 1 or 2; and 
R 1 and R 3 each independently represent a linear chain alkyl group of 2 to 10 carbon atoms. 



R 7 -^(^)^V 5 -H(0)-) T CO - CH - R 8 (VII) 

wherein frepresents 0, 1 or 2; 

j represents 1 or 2; 

the value of (i + j) is 1 to 3; 

V 5 represents a single bond when i = 0 and represents -COO-, -OCO-, -CH 2 0 or -OCH 2 - when j is 1 or 

2; 

R 7 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms; and 
R 8 represents a linear chain alkyl group of 2 to 18 carbon atoms. 

(16) A nematic liquid crystal composition according to the item (8) wherein said optically active 
substances are selected so that the twistability of the induced cholesteric phase can be constant 
irrespective of temperature change in a definite temperature range. 

(17) A nematic liquid crystal composition according to claim 8 wherein said optically active substances 
are selected so that the temperature dependency of the twistability of the induced cholesteric phase can 
have a desired value in a definite temperature range. 

The present invention in a third aspect resides in the following items (18) and (19): 

(18) A liquid crystal display element characterized by using a nematic liquid crystal composition which 
comprises (i) at least one member of optically active substances which are the same in the helical twist 
sense to one another and make positive the temperature dependency, of the twistability in terms of the 
reciprocal of the intrinsic helical pitch thereof, of the cholesteric phase induced when singly added to at 
least one member of nematic liquid crystals, and (ii) at least one member of nematic liquid crystals, to 
therby notably increase the twistability with temperature rise. 

(19) A liquid crystal display element characterized by using a nematic liquid crystal composition which 
comprises (i) at least one member of optically active substances which make positive the temperature 
dependency of the twistability in terms of the reciprocal of the intrinsic helical pitch thereof, of the 
cholesteric phase induced when singly added to at least one member of nematic liquid crystals, and (ii) 
at least one member of optically active substances which have the same helical twist sense as that of the 
former optically active substances and make negative the temperature dependency of the twistability of 
the cholesteric phase induced when singly added to at least one member of nematic liquid crystals. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 shows a chart illustrating the testability dependency of the threshold voltage. 
Figs. 2, 4, 5, 6 and 12 respectively show a chart illustrating the temperature dependency of the 
twistability. 

Figs. 3, 7, 8, 9, 10 and 17 respectively show a chart illustrating the temperature dependency of the 
threshold voltage. 

Figs. 11, 13, 14, 15, 16, 18, 19, 20 and 21 respectively show a chart illustrating the normalized value of 
temperature dependency of the twistability between 20 *C and 70 *C. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be described referring to examples. 

In Fig. 4 is shown the temperature dependency of twistability (P~ 1 ) in the case where an optically active 
substnace B-1 of the formula 



0 CH: 



*-C 10 H 2l O-^^^ 



disclosed in Japanese patent application laid-open No. Sho 61/43 (1986), which substance is obtained using 
R(-)-2-octanol as a starting raw material and has a right helical twist sense is added to the aforementioned 
nematic liquid crystal composition A. For reference, the effect of the optically active substance C-1 shown in 
Fig. 2 is also shown therein. As seen from Fig. 4, the value of P~ 1 in the case where the optically active 
substance B-1 is added increases with temperature rise, and exhibits a contrary tendency to that of a 
monotonic reduction in the case of addition of the compound C-1 . 

In general, as a parameter for comparing the temperature dependency of the twistability of a liquid 
crystal material in the temperature range between ti and k will be employed the normalized value of AP _1 - 
(ti - k) expressed by the following equation specifying the above temperature dependency: 

,„-,,, , , 2 CP-'(t,)-p-'(t 2 )J 100 



wherein P~* 1 (t) refers to the value of a twistability at a temperature of f C. These two nematic liquid crystal 
compositions were compared referring to the normalized values of the temperature dependency AP~" 1 (20 - 
40) of the twistability specified by the equation (4). As a result, the value of AP~ 1 (20 ~ 40) of the 
composition having the compound B-1 added as an optically active substance was 1.93, whereas that of the 
composition having the compound C-1 was -0.48. 

Further, a liquid crystal composition N and a liquid crystal composition C were respectively prepared by 
adding the compound B-1 (one part by weight) to the above liquid crystal composition (A) (100 parts by 
weight) and adding the compound C-1 (0.1 part by weight) to the composition (A) (100 parts by weight), and 
the resulting compositions were respectively sealed in a TN cell having a definite distance between the 
electrodes to compare the temperature dependencies of the threshold voltages (V 1h ). The results are shown 
in Fig. 3. As seen from the above example, the liquid crystal composition of the present invention 
contanining the optically active substance B-1 has an improved temperature dependency of V th , and in 
particular, the reduction of V lh is small in the high temperature region of nematic phase temperature range. 

As an example wherein two optically active substances each having an opposite helical twist sense to 
one another were added, a nematic liquid crystal composition M was prepared by adding the optically 
active substance C-1 having a right helical twist (2.0 parts by weight) and an optically active compound C-2 
expressed by the formula 
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0 0 CH S 

/ — \ " /^A " 1 

11 " C 6 H 1 3 0 -\0/" CO \0/- C0CH ■ C 4 H 1 



(C-2) 



and having a left helical twist (1.5 part by weight) together to the above liquid crystal composition (A) ( 100 
parts by weight ), 

10 and the characteristics of this composition M were compared with those of the above liquid crystal 
composition N. The results are shown in Table 1 . For reference, the characteristics of the nematic liquid 
compositions A and C are also shown therein. 



IS 






Table 


1 








NI point 


Viscosity 
at 20°C 
(cp) 


AP 1 (20~40) 


M/ th .. * 


20 




(°C) 


At . (6-40) 




Composi- 
tion M 


70.2 


27.8 


1.49 


-7.3 


25 


N 


71.5 


25.6 


1.93 


-6.0 




C 


71.8 


25.8 


-0.48 


-9.3 


30 


A 


72.4 


25.2 







35 



40 



45 



50 



55 



* AV th/ At refers to a parameter expressing the 
temperature dependency of threshold voltage 
defined in the equation (5) of Example 1 
described later. 

As seen from Table 1 , since the composition N has a small quantity of the optically active substance 
added, its upper limit temperature (N-l point) of the nematic phase is not reduced so much from that of the 
original composition A, and also the viscosity rise is restricted to a small value. On the other hand, since the 
composition M has a large quantity of the optically active substance added, its N-l point lowers by 2° C or 
more, and also its viscosity rise is much higher than that of the composition N. Further, in comparison of the 
temperature dependency of the threshold voltage, it is seen that the compositions N and M each having a 
positive AP _1 are smaller in |AV th /Atj as compared with the composition C having a negative AP~ 1 . Further, 
in comparison of the composition N with the composition M, declination in the AV th /At of the composition N 
is smaller than that of the composition M. 

As described above, the composition of the present invention is collectively superior as a nematic liquid 
crystal composition having a positive temperature dependency of the testability. 

Examples of the optically active substances which are preferred as the component of the liquid crystal 
composition of the present invention are compounds expressed by the above-mentioned formulas (III) - (V). 
These are characterized by having an optically active group of 
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CH 3 



35 



40 



-oiH-R 1 . 

* * 

As to the structure of optically active groups, there are some kinds, and as to well-known 



CH 
I 



3 



w ' HOCH-CH C 0 H C 

lie Id 

among raw material alcohols for introducing optically active groups, only the one having an absolute 
configuration of sinister type (S type) is existent in the natural world, and there has still been no exmaple of 
75 its optical resolution; hence in the case of derivatives of such an alcohol, there is few room to choose those 
of right twist and left twist. Whereas, in the case of 

I J l 

2 o HOCH-R 

* 

as the raw material for the optically active substances constituting a component of the composition of the 
present invention, the optical resolution thereof is easy and two kinds of optical isomers having an sbsolute 

25 configuration of S type and that of rectus type (R type), respectively are obtained; hence the freeness of 
choice in the form of optically active substances is large. In other words, two kinds of compounds having all 
the same structural formula but being different only in the steric configuration of the optically active group 
are produced to thereby obtain two kinds of optically active substances having all the same characteristics 
but having right and left twist senses, respectively. Further, adequate, separate use of such two kinds of 

30 optically active substances brings about an advantage that two kinds of compositions having all the same 
characteristics but having right and left twist senses, respectively are obtained. 

Next, the above-mentioned optically active substance B-1 (0.43 wt.%) and an optically active substance 
expressed by the following formula C-3 (0.57 wt.%): 



CH 5 

n-C 5 H n -( H V-0C-/O)— (0)" CH 2" CH " C 2 H 5 c ~ 3 




were mixed with the above-mentioned nematic liquid crystal composition (A). The temperature dependency 
of the testability (P~ 1 ) of the resulting liquid crystal composition is shown in Fig. 5. In Fig. 5, (Mix 1) shows 
the temperature dependency of the twistability (P~ 1 ) in the case where optically active substances B-1 and 
C-3 were mixed and added to the composition (A), (B-1) shows that in the case where B-1 alone (0.43 wt.%) 
45 was added to the composition, and (C-3) shows that in the case where the compound C-3 alone (0.57 wt.%) 
was added thereto. As seen from Fig. 5, there is almost no change in P -1 depending on temperature in the 
case of (Mix 1). 

Further, the optically active substance B-1 (0.8 wt.%) and the optically active substance C-3 (0.2 wt.%) 
were added together to the nematic liquid crystal composition (A). The temperature dependency of the 
50 twistability (P~ 1 ) of the resulting composition is shown as (Mix 2) of Fig. 5. Further, the case where the 
optically active substance B-1 alone (1 .0 wt.%) was added is shown as (Mix 3) of Fig. 5. 

In the cases of (Mix 2) and (Mix 3), it is seen that the twistability (p~ 1 ) steeply increases with 
temperature rise. Further, the larger the proportion of B-1, the steeper the change in the twistability (P _1 ). 
This indicates that by varying the mixing proportions of B-1 and C-3, it is possible to continuously and 
55 optionally control the temperature dependency of the twistability (P _1 ) from its nearly constant state up to 
its steeply ascending state with temperature rise. 

Further, the following optically active substance B-2 having a left helical twist sense, obtained by using 
as its starting raw material, S( + )-2-octanol disclosed in Japanese patent application laid-open No. Sho 61- 
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43 (1986) (0.48 wt.%): 



0 





5 



n "C 8 H 1 7 0 



OCH-C 6 H 15 



B-2 



and the following optically active substance C-4 (0.52 wt.%): 



70 



75 




C-4 



were mixed and added to the above nematic liquid crystal composition (A). The temperature dependency of 
the twistability (P~ 1 ) of the resulting composition is shown in Fig. 6. 

In Fig. 6, (Mix 4) shows the case where the optically active substances B-2 (0.48 wt.%) and C-4 (0.52 
20 wt.%) were mixed and added; (B-2) shows the case where the compound B-2 alone (0.48 wt.%) was added; 
and (C-4) shows the case where the compound C-4 alone (0.52 wt.%) was added; thus (Mix 4) has still 
almost no change in P" 1 depending on temperature. 

Further, the optically active substances B-2 (0.8 wt.%) and C-4 (0.2 wt.%) were mixed and added to the 
nematic liquid crystal composition (A). The temperature dependency of the twistability (P _1 ) of the resulting 
25 composition is shown as (Mix 5) of Fig. 6. Further the case where the optically active substance B-2 alone 
(1.0 wt.%) was added is shown as (Mix 6) of Fig. 6. 

- In comparison of (Mix 5) with (Mix 6), the twistability (P" 1 ) steeply increases with temperature rise, and 
as the proportion of B-2 increases, change in the twistability (P~ 1 ) becomes steep. This still indicates- that 
by varying the mixing proportions of B-2 and C-4, it is possible to continuously and optionally control the 
30 temperature dependency of the twistability (P~ 1 ) from its almost constant state up to a steeply ascending 
state with temperature rise. 

As seen from the foregoing, if an optically active substance having a terminal group, 



as shown in the general formula (la), the general formula (lb) or the general formula (Ic) is used, either even 
40 in the case where the substance is added together with another optically active substance having a larger 
twistability (P~ 1 ) at room temperature and the same helical twist sense (see Fig. 5), or contrarily even in the 
case where the substance is added together with another optically active substance having a smaller 
twistability (P* 1 ) at room temperature and the same helical twist sense (see Fig. 6), it is possible to 
optionally control the change in the intrinsic helical pitch depending on temperature change, or the resulting 
45 compositions. (The more details will be described later in Examples). 

As the compounds expressed by the above general formulas (la), (lb) and (Ic) among the optically 
active substances used as a component constituting the liquid crystal composition of the present invention, 
compounds expressed by the above formulas (III), (IV) and (V) and having a 1 -methyl-alkyloxy group as an 
optically active group are preferred. Further, as the compounds expressed by the above formula (II) as the 
so other optically active substances, compounds expressed by the above formulas (VI) and (VII) are suitable. 
These compounds can be prepared for example as follows: 

(1) Compounds of the formula (III) wherein Vi represents -OCO- may be prepared according to the 
following scheme 1 (see Japanese patent application laid-open No. Sho 61-43): 



35 




55 
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Scheme 1 



HOCH - R 
* 



CH 3 -(O)-S0 2 C£ 



CH- 

| 3 

CH 3 -/oVs0 3 CH - R 1 



R°-oc-e(o)-%oH 

o 

CH, 



R°-0CH-^O^)-)b"0CH - R 1 

I NaOH 
H-OC-f-^M^OCH-R 1 

socn 2 

V CH 3 

c *i-K2/^ 0 s H - Rl 




? H 3 



R -no )^°j-h^o)-^och - R 1 



(2) Compounds of the formula (III) wherein Vi represents -COO- may be prepared according to the 
following scheme 2: 
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Scheme 2 




(3) Compounds of the formula (III) wherein Vi represents -CH 2 0- or -OCH 2 - may be prepared according 
to the process disclosed in Japanese patent application laid-open No. Sho 61-63633. 

(4) Compounds of the formula (IV) wherein V 2 represents -COO; d represents zero; T 1 , T 2 and T 3 each 
represent hydrogen atom; and 

T* represents a halogen atom may be prepared according to the following scheme 3. 

Further, compounds of the formula (IV) wherein V 2 represents -COO-; either one of T 1 or T 2 
represents a halogen atom and the other, T 3 and T 4 each represent hydrogen atom may be prepared 
according to the following scheme 4 (Japanese patent application No. Sho 61-51512, not yet laid-open). 
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Scheme 3 
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Scheme 4 




COOH 



Halogenating agent 




(5) Compounds of the formula (V) wherein V 3 represents -COO- may be prepared according to the 
following scheme 5: 
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Sheme 5 



5 



70 



75 



20 



25 



30 




(6) Compounds of the formula (V) wherein e = 0, f = 2 and V 3 represents a single bond may be 
35 prepared according to the following scheme 6: 



40 



45 



50 
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Scheme 6 




(7) Compounds of the formula (VII) wherein Vs represents -OCO- may be prepared according to the , 
process disclosed in Japanese patent application laid-open No. Sho 60-149548/1985 (scheme 7): 
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Scheme 7 



OHC-f^Oy^yCOOH 



SOCJt.. 



OHC-£-^O^H-j- COC £ 



CH. 



HO-CH-R" 



CH. 



OHC-^Oy^jCOOCH-I 



Oxidizing agent 




HOOC-K O 



COOCH-R 



8 



SOCl. 



CH. 



C£OCH-^5^"^ coo $ h "" r8 

r 7 -+/oV>toh 



CH. 



Compounds of the formula (VI) wherein V* represents -OCO- and Wi represents -COO- may be 
prepared using an optically active alcohol 



50 



? H 3 



HO-CH--CH-C-H. 
2 * 2 5 

in the same manner as in the preparation of the scheme 7. 
55 Certain compounds expressed by the formula (VI) or (VII) are commercially available. A part thereof is 
illustrated in the following Table 2. 
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Table 2 



5 


Producer & Trade 
Designation 


■ Structural formula 








70 


BDH Chemicals CB-15 


»C-(^)-(o)-CH 2 -CH-C 2 H 5 


75 


ditto C-15 


NC-(o)-<^)-0CH 2 -CH-C H, 

| 3 




Mprrk & Pn ^ 1 fiP9 

lJCi.V*i\ Or V*w • O lUO^ 


C 6 H 13 0 A2A^ 0 A2/-^°- CH 2-$ H - C 2 H 5 

6 ° CH 
1 3 


20 






ditto S 811 


-0-<oVcO-/oVcO-CH-C H 
6 13 XZJ || XT/ |j * L 6 13 


25 




0 o 

|*3 




Chisso Corp. CM-19 


C 5 H ll~(2Xo)- C0 - CH ? -CH-C.H,. 
•> ■ LJ - > — ' V — f || 2 * 2 5 

0 - 


30 








ditto CM-20 


C 5 H llO^<0K0>-CH 2 -CH-C 2 H 5 
0 


35 




f 3 . 


ditto ER-M 


NC ~(2)" 0 ^~(2)" OCH 2 "S H_C 2 H 5 
0 



40 



In addition from 



45 



CHo 
I 3 i 
HO-CH-IT 
* 



as a raw material for optically active substances expressed by the formula (III) and being a component 
constituting the composition of the present invention are also prepared compounds expressed by the above 
so formula (VII). Such compounds are characterized by having an optically active group of 



55 



0 CH, 
II I 3 8 
-CO-CH-R , 
* 



and the temperature dependincy (AP~ 1 ) of the testability of the cholesteric phase induced when singly 
added to nematic liquid crystals is negative. 
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Among compounds expressed by the formula (III) or. the formula (VII), two kinds of isomers having the 
same structure but being different only in the steric configuration of the optically active group are existent. 
These isomers are opposite in the helical twist sense to one another, but other characteristics thereof are 
same. By combining optically active substances expressed by the formula (III) with those expressed by the 
5 formula (VII) and adjusting the temperature dependency of P~ 1 of the liquid crystal composition, it is 
possible to easily obtain two kinds of nematic compositions being different only in the helical twist sense 
but being the same in the other characteristics. 

For example, it is also possible to combine an optically active substance having a group of 



70 



CH. 



-OCH-R* 1 
* 



75 and having a left twist sense, obtained using S( + )-2-octanol as a starting raw material, with an optically 
active substance having a group of 

O CH. 
II i 3 ft 

20 -CO-CH-R 0 

* 

and having a left twist sense, obtained using S( + )-2-octanol as a starting raw material. Further, it is also 
possible to combine an optically active substance having a group of 

25 

I 1 
-OCH-R 
* 

30 

and having a right twist sense, obtained using R(-)-2-octanol as a starting raw material, with an optically 
active substance having a group of 



35 0 CH- 

35 II I 3 8 

-CO-CH-R 
★ 

and having a right twist sense, obtained using R(-)-2-octanol as a starting raw material. 

40 What is important in the present invention is that when a compound selected from the group consisting 
of compounds expressed by the formulas (la), (lb) and (Ic) is combined with a compound expressed by the 
formula (II) and the mixture is added to a nematic liquid crystal composition to thereby control the 
temperature dependency of the twistabiiity, the respective helical twist senses of these two component 
compounds should be the same. Further, even when two or more compounds chosen from the group 

45 consisting of compounds expressed by the formulas (la), (lb) and (Ic) are mixed and the mixture is added to 
a nematic liquid crystal composition, the respective twist senses of these compounds should be the same. 

The helical twist senses of these optically active compounds may be confirmed according to a known 
method such as contact method (see G.W. Gray and D.G. McDonnell, Mol. Cryst. Liq. Cryst., Vol. 34 
(Letters). (1977), pp211). 

so The content of the optically active substances used as a component for the liquid crystal composition of 
the present invention, in the resulting liquid crystal composition, is in the range of 0.05 to 10 wt.%, 
preferably 0.05 to 5 wt.%, in terms of the content of a compound alone, in the case where a compound 
selected from the group consisting of compounds expressed by the formulas (la), (lb) and (Ic) is singly 
added, or in terms of the content of the total of a compound selected from the group consisting of 

55 compounds expressed by the formulas (la), (lb) and (Ic) and a compound expressed by the formula (II). If 
the quantity of, optically active substances added is less than 0.05 wt.%, it is impossible to adjust the 
helical pitch of the resulting liquid crystal composition to desired length, while if it exceeds 10 wt.%, the 
nematic phase temperature range of the resulting liquid crystal composition is notably narrow. 
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Next, advantages brought about by the present invention Will be described. 

(i) Since the liquid crystal composition of the present invention has a notably increased testability with 
temperature rise, it is possible to obtain a liquid crystal display element having a small temperature 
dependency of the threshold voltage by the use of the composition. 
5 (ii) A liquid crystal composition of which the testability is constant in a certain temperature range is 
easily prepared; hence by employing this composition for displays of SBE mode, DGH mode, phase 
change mode and other modes, it is easy to obtain a liquid crystal display element having a broad angle 
of view, a high contrast and a high response speed. 

(iii) A liquid crystal composition having optionally controlled the change of the twistability (P _1 ) 
10 depending on temperature is easily obtained; hence when it is applied to TN mode, a good liquid crystal 

display element having a slight reduction in the display quality depending on the ambient temperature 
change is obtained. 

(iv) In the case of the liquid crystal composition of the present invention, optically active substances each 
having the same helical twist sense are used; hence there occurs no reversal of twist of the liquid crystal 

75 molecules which is inherent of the composition containing optically active substances of opposite twist 
senses to one another. 

(v) Since optically active substances each having the same helical twist sense are used, a small quantity 
thereof added affords a desired pitch as compared with the case where an optically active substance 
having a right twist and that having a left twist are mixed and used. 

20 (vi) Since a small quantity of the optically active substance is sufficient to afford a desired pitch, the 
properties of the original liquid crystal composition are not influenced so much by the addition thereof. 

(vii) It is possible to produce a nematic composition relatively cheaply by adding a small quantity of the 
optically active substances which are generally expensive as compared with nematic compounds. 

(viii) Since optically active substances each having the same twist sense are used, it is unnecessary to 
25 limit the mixing proportion as in the case where optically active substances each having a right twist and 

a left twist are mixed and used; hence it is easy to control the temperature dependency of the intrinsic 
helical pitch. 

In addition to the above effectiveness (i) - (viii), the effectiveness of the present invention will be further 
described in the following Examples. 
30 The present invention will be described in more detail by way of Examples, but it should not be 
construed to be limited thereto. 

The helical pitch P described in Example was measured according to Cano wedge method. 

Example 1. 

35 

To a nematic liquid crystal composition (D) (100 parts by weight) consisting of 



40 



45 



50 



55 
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a compound B-3 (one part by weight) expressed by the formula 
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CH: 



C 6 H 13 



B-3 



70 



75 



as an optically active substance, which compound is disclosed in Japanese patent application laid-open No. 
Sho 61-43 (1986); is obtained using R(-)-2-octanol as a starting raw material; and has a right helical twist 
sense, to prepare a nematic liquid crystal composition. This composition was sealed in a cell provided with 
substrates having the surface coated with polyvinyl alcohol and subjected to rubbing treatment and having a 
cell gap of 9 urn to prepare a TN liquid crystal cell. The threshold voltage of this TN liquid crystal cell was 
measured at various temperatures. The results are shown in Fig. 7. 

When the temperature dependency of the threshold voltage is shown by the value of AV th /At expressed 
by the following equation (5): 



20 



^ v th V th (ti )-v th (t 2 ) 



At 



x iooo 



t, -t 2 



(5) 



wherein V th (t) represents a threshold voltage at a temperature of fC, the temperature dependency of the 
TN liquid crystal cell is shown in Table 3. It is believed that the dependency is due to the fact that the 
25 temperature dependency AP~ 1 of the twistability of the nematic liquid crystal composition obtained by the 
addition of the compound B-3 has a positive value, as described later. 



30 



Table 3 





Ex. 1 


Comp.ex.1 


AV th /At. 


-30- 25 # C 


0.0 


-3.8 


25- 80-C 


-5.5 


-8.7 



35 

Comparative example 1 

To the nematic liquid crystal composition (D) (100 parts by weight) shown in Example 1 was added the 
40 above optically active substance C-1 (0.1 part by weight) to prepare a nematic liquid crystal composition, 
which was then sealed in the same cell as in Example 1 to measure the threshold voltage. The results are 
shwon in Fig. 7 together with those of Example 1. Further the temperature dependency of the threshold 
voltage is shown in Table 3. 

45 Example 2 and Comparative example 2 

To the nematic liquid crystal composition (D) (100 parts by weight) was added a compound B-4 (1.6 
part by weight) expressed by the formula 



50 



55 



n-C 9 H 



CH: 



B-4 



as an optically active substance, which compound is also disclosed in the above Japanese patent 
application laid-open No. Sho 61-43; is obtained using S(+)-2-octanol as a starting raw material; and has a 
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70 



left helical twist sense, to prepare a nematic liquid crystal composition, which was then sealed in the same 
TN cell as in Example 1 to measure the threshold voltage. The results are shown in Fig. 8. Further, from the 
results of Fig. 8 was calculated the temperature dependency of the threshold voltage AV th /At. The results 
are shown in Table 4. 

As a comparative example, to the liquid crystal composition (D) (100 parts by weight) was added 
cholesteryl nonanoate (0.2 part by weight) to prepare a nematic liquid crystal composition, from which was 
prepared the same TN liquid crystal cell as in Example 2, followed by measuring its temperature 
dependency of the threshold voltage. The results are shown in Fig. 8 and Table 4 together with those of 
Example 2. 

Table 4 



75 





Ex.2 


Comp.ex.2 


AV lh /At 


-30- 25'C 


+ 3.3 


-4.7 


25~80'C 


-3.3 


-6.5 



In comparison of Example 2 with Comparative example 2, the temperature dependency of the threshold 
20 voltage AV th /At between 25* and 80 "C of Example 2 is about half of that of. Comparative example 2. 
Further, on the lower temperature side, the value of AV th /At of Example 2 is a positive value contrarily to 
conventional temperature 
dependency of the threshold voltage. 

As apparent from Fig. 8, there is the maximum value of the threshold voltage V th in the vicinity of 30 *C 
25 in the case of Example 2. This is considered to be due to the fact that on the lower temperature side, 
increase in the intrinsic helical pitch has a greater influence upon the temperature change of V th than the 
effects brought about by the temperature change in the elastic constant and other properties of the 
composition, whereas on the higher temperature side, the effect brought about J>y the temperature change 
in the elastic constant is notable. The fact that a maximum value appears in the threshold voltage as 
30 described above is a phenomenon which has never been observed in the so far known liquid crystal 
compositions. 

In the case of the prior art, as the temperature lowers, the threshold voltage V th of the liquid crystal 
display element increases monotonously, and approaches a definite driving voltage up to a certain value; 
thus along with the influence of increase in the viscosity of the liquid crystal, the response speed of the 
35 display lowers. 

Whereas, by using the composition of the present invention, it is possible to inhibit the V th reduction on 
the higher temperature side, and also it is possible to inhibit the V th rise on the lower temperature side; 
hence the difference between the definite driving voltage and the threshold voltage may be kept to a certain 
value over the practical temperature range so that it is possible to compensate the lowering of the response 
40 speed due to the viscosity rise in the lower temperature region. Further, since it is possible to reduce the 
temperature dependency of the threshold voltage, that is, it is possible to reduce the absolute value of 
jAV th /Atj, a superior display in the aspect of the contrast is obtained over a broad temperature range. 



45 



Example 3 

To the nematic liquid crystal composition (D) (100 parts by weight) shown in Example 1 was added a 
compound B-5 (0.25 part by weight) expressed by the formula 



50 




C 6 H 13-£ H0 ^O 



OCH-C.H, , 
* o 13 



55 as an optically active substance, which compound is obtained using R(-)-2-octanol as a starting raw material 
and has a right helical twist sense, to prepare a nematic liquid crystal composition, which was then sealed 
in the same TN cell as in Example 1 to measure its threshold voltage. The results are shown in Fig. 9. 
Further, from the results in Fig. 9 was calculated the temperature dependency of the threshold voltage 
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(AV lh /At). The results are shown in Table 5: 

For comparison ,the results of Comparative example 1 are again shown in Fig. 9 and Table 5. 

Table 5 





Example 3 


Comparative example 1 


AV th /At 


-30- 25' C 


-1.1 


-3.8 


25 ~ 80 • C 


•6.0 


-8.7 . 



In Example 3, it is seen that the temperature dependency of the threshold voltage was considerably 
reduced. 

75 Example 4 

To the nematic liquid crystal composition (D) (100 parts by weight) shown in Example 1 was added a 
compound B-6 (0.5 part by weight) as an optically active substance, which compound is expressed by the 
same formula as that of the compound B-5 shown in Example 3 but is obtained using S( + )-2-octanol as a 
20 starting raw material and has a left helical twist sense, to prepare a nematic liquid crystal composition, 
which was then sealed in the same cell as in Example 1 to measure its threshold voltage. The results are 
shown in Fig. 10. Further, from the results in Fig. 10 was calculated the temperature dependency of the 
threshold voltage (AV th /At). The results are shown in Table 6. For comparison, the results of Comparative 
example 2 are again shown in Fig. 10 and Table 6. 

25 

Table 6 





Example 4 


Comparative example 2 


AV lh /At 


-30- 25° C 


+ 1.5 


-4.7 


25~80°C 


-4.5 


-6.5 



In the case of Example 4, there is shown a tendency that the temperature dependency of the threshold 
35 voltage in the lower temperature region is contrary to conventional one, as in the case of Example 2. 

Example 5 and Comparative example 3 

The following ten compounds of B-7 to B-16 as optically active substances belonging to the compounds 
40 respectively expressed by the formula (la), (lb) or (Ic), and the above-mentioned six compounds of B-1 to B- 
6, were respectively singly and in a quantity of 1 to 5 parts by weight to the above nematic liquid crystal 
composition (A) (100 parts by weight) referred to in the afore-mentioned description of the prior art, to 
prepare sixteen nematic liquid crystal compositions: 



45 



50 



55 




(B-7) 



13 (B-8) 
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CH 5 

n ~C 9 ^ 9 0-(oy^yOCK 2 ^OyOCIl-C 6 H, 5 (B-9) 





(B-14) 



(B-15) 
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C 




(B-16) 



As to these nematic liquid crystal compositions, their intrinsic helical pitches were measured at various 
temperatures according to Cano wedge method, and the temperature dependency of the testability 
calculated from the results is shown in terms of normalized values of AP~ 1 2 o-4o in Table 7. For comparison, 
to the nematic liquid crystal composition (A) (100 parts by weight) were added the following six optically 
active substances of C-5 to C-10 belonging to the group of the compounds expressed by the formula (II) 
and the above four optically active compounds of C-1 to C-4, respectively singly and in a quantity of 0.5 to 
5 parts by weight, to prepare ten nematic liquid crystal compositions, followed by measuring their intrinsic 
helical pitches in the same manner as in Example 5, to calculate their temperature dependencies of the 
testability. The resulting values of AP _1 2 o~4o are shown in Table 7. 




CH 5 
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Table 7 



Example 5 


Comparative example 3 


wornpounci auuou 


t^r 20-40 


wUMl|JUUilU qUUOU 


ar 20-40 


B-1 


1.93 


C-1 


-0.48 


-2 


0.92 


-2 


-0.26 


-3 


1.88 


-3 


-0.28 


-4 


1.93 


-4 


-0.75 


c 
-D 


O 77 


-0 


-U.00 


-6 


0.77 


-6 


-0.94 


-7 


1.31 


-7 


-0.68 


-8 


1.35 


-8 


-0.43 


-9 


1.86 


-9 


-0.13 


-10 


1.09 


-10 


-0.69 


-11 


1.05 






-12 


0.57 






-13 


1.61 






-14 


1.85 






-15 


0.38 






-16 


0.84 







As described above, the composition in the first aspect of the present invention is characterized in that 
25 the value of AP" 1 representing the temperature dependency of the testability is a positive value, and as its 
effectiveness, it is possible to inhibit reduction in the threshold voltage of liquid crystal display elements 
using the composition of the present invention, accompanying the temperature rise. 

Example 6 

30 

To the above nematic liquid crystal composition (A) were added the above optically active substances 
B-1 and C-3, in various mixing proportions but so as to give a total quantity of 1% by weight, to measure 
the temperature dependency of the twistability (P" 1 ) of the resulting liquid crystal composition. The fact that 
the optically active compounds B-1 and C-3 had the same twist sense was confirmed according to contact 
35 method. Change in the AP~ 1 2o-7o in varied mixing proportions of B-1 and C-3 is shown in Fig. 11. When 
the quantity of B-1 added is 0.43% by weight, AP" 1 = 0. This indicates that the intrinsic pitch P is 
unchanged between 20° C and 70 *C at this mixing proportion. 

Comparative example 4 

40 

The above optically active substance C-1 and the above optically active substance C-2 having an 
opposite twist sense to that of the above substance C-1 were added in varied mixing proportions but so as 
to give a total quantity of 1% by weight, to the above nematic liquid crystal composition (A) to measure the 
temperature dependencies of the twistability P" 1 of the resulting liquid crystal compositions. Results in the 
45 case where the quantity of C-1 added was varied from 0% by weight to 1% by weight at intervals of about 
0.2% by weight are shown in Fig. 12. 

There is expected a temperature at which P" 1 = 0 in the vicinity of the quantity of C-1 added of 0.6% 
by weight, and P" 1 takes a negative or positive value below or above this temperature. 

The change of AP" 1 between 20 'C and 70 "C in varied mixing proportions of C-1 and C-2 is shown in 
so Fig. 13. 

When the quantity of C-1 added is 0.46% by weight, AP" 1 = 0, but when it is in the vicinity of 0.6% by 
weight, there is a temperature at which P" 1 = 0 and AP" 1 is divergent. This is because, as apparent from 
the equation (4), since the sign of P~ 1 (20) and P~ 1 (7°) are different, the absolute value of the ratio of the 
difference between P~ 1 (20) and P -1 (70) to the sum of the two is necessarily 1 or more and jAP" 1 2 o-7oj is 
55 necessarily 4 or more. Equation of P~ 1 (20) =-P~ 1 (70) comes into existence in a certain mixing ratio in 
which the denominator of the right side term of the equation (4) approaches zero; hence AP" 1 is divergent. 

In comparison of Example 6 with Comparative example 4, AP" 1 slowly changes in the case of Example 
6; whereas in the case of Comparative exmaple 4, since two kinds of optically active substances having 
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right twist and left twist, respectively are mixed, there is a mixing proportion in which AP" 1 is divergent. 
Further, in comparison of the ranges of mixing proportion within which P~ 1 is almost unchanged (i.e. -0.1 £ 
AP" 1 £ 0.1), the range in the case of Example 6 is as relatively broad as 0.32-0.53% by weight, whereas 
the range in the case of Comparative example 4 is 0.41 ~ 0.49% by weight, that is, only half of the range in 

5 the case of Example 6. Since the range of mixing proportion within which AP" 1 0, in the case of Example 
6 is broader than that in the case of Comparative example 4, it is seen that the intrinsic pitch is easily made 
constant irrespective of temperature. 

In comparison of the ranges of mixing proportion within which P~ 1 increases with temperature rise 
(AP" 1 £0.1), the range in the case of Example 6 is as very broad as 0.53 - 1.0% by weight, whereas the 

70 range in the case of Comparative example 4 is as very narrow as 0.5 - 0.59% by weight, i.e. just before 
AP -1 is divergent. Since the range of mixing proportion with which AP _1 £0.1, in the case of Example 6, is 
much broader than that in the case of Comparative example 4, the temperature dependency of the intrinsic 
pitch is more easily controlled in the case of Example 6. Further, P" 1 at 20' C in the case of.AP" 1 = 0 was 
roughly estimated employing the above equation (3). The results are shown in Table 8. 

75 

Table 8 





Example 6 


Comparative example 4 


P 1 (20) 


0.036 


0.028 



The value of P" (20 ) in Example 6 is larger than that in Comparative example 4. Further, comparison of 
P" 1 s at 20 °C in the case where AP -1 is larger, is shown in Table 9. 

Table 9 





Example 6 


Comparative example 4 


AP~ 1 2 0-70 
P" 1 (20) 


1.41 
0.0104 


1.58 
0.0044 



In this Table, close values of AP" 1 2o-7o are chosen. The value of P~ 1 (20) in the case of comparative 
example 4 is less than half of that in the case of Example 6. This indicates that in order to obtain a definite 
35 intrinsic pitch, as apparent from the equation (1), the quantity of optically active substances added in the 
case of Example 6 may be sufficient to be less than half of that in the case of Comparative example 4. This 
fact that a small quantity of optically active substances added may be sufficient affords two advantages that 
the resulting composition is cheap as much and the influence which the addition has upon the characteris- 
tics of the original nematic liquid crystal composition is small. 

40 

Example 7 

The above optically active substance B-4 included in the group of compounds expressed by the 
formula (III) and obtained using S( + )-2-octanol as a starting raw material and having a left twist sense, and 

45 the above optically active substance C-9 included in the formula (VII), and obtained using S( + )-2-octanol as 
a starting raw material and having the same i.e. left twist sense, were added in varied mixing proportions 
but so as to give a total quantity of 1 % by weight, to the above nematic liquid crystal composition A, to 
measure the temperature dependency of the testability P" 1 of the resulting liquid crystal composition. The 
fact that the twist senses of the optically active substances B-4 and C-9 are the same was confirmed 

so according to contact method. Change of AP~ 1 2o-7o in varied mixing proportions of B-4 and C-9 is shown in 
Fig. 14. When the quantity of B-4 added is 0.28% by weight, AP" 1 =0. The mixing proportion of B-4 in 
which AP" 1 *=« 0 (-0.1 S AP" 1 0.1) is as very broad as 0.04 ~ 0.46% by weight. Further, the mixing 
proportion of B-4 in which AP~ 1 £0.1 is as very broad as 0.46 - 1.0% by weight. 

55 Comparative example 5 

The above optically active substance C-3 and the above optically active substance C-6 having an 
opposite twist sense to that of the former substance were added to the above nematic liquid crystal 



39 



EP0 211 646 B1 



composition (A) in varied mixing proportion but so as to give a total quantity of 1% by weight, to measure 
the temperature dependency of the testability P" 1 of the resulting liquid crystal composition. The change of 
AP~ 1 2o-7o in varied mixing proportions of C-3 and C-6 is shown in Fig. 15. When the quantity of C-3 added 
is 0.86% by weight, AP" 1 = 0. The range of the quantity thereof added in which AP" 1 ^ Q (-0.1 S AP" 1 S 
5 0.1) is as narrow as 0.83 ~ 0.89% by weight. Further, AP -1 is also divergent. Further the mixing proportion 
in which AP" 1 £ 0.1 has as narrow a range as 0.83 - 0.7% by weight and is in the vicinity where AP" 1 is 
divergent. 

The range of the mixing proportion in which AP" 1 0 in the case of Example 7 is much broader than 
that in the case of Comparative example 5; hence the intrinsic pitch P is easily made constant irrespective 
70 of temperature. Further, the range of the mixing proportion in which AP" 1 £ 0.1 in the case of Example 7 is 
much broader than that in the case of Comparative example 5; hence it is easy to control the temperature 
dependency of the intrinsic pitch P in order to reduce the temperature dependency of the threshold voltage 
V th . Further, P" 1 at 20'C in the case of AP" 1 = 0 was roughly estimated. The results are shown in Table 
10. 

75 

Table 10 





Example 7 


Comparative example 5 


P '(20) 


0.061 


0.032 



The value of P~ 1 <20) in the case of Comparative example 5 is about a half of that in the case of Example 
7. Further, comparison of P" 1 s at 20 °C in the case of larger AP" 1 is shown in Table 11. 

Table 11 



30 





Example 7 


Comparative example 5 


AP" 1 20-70 

P'Vo) 


1.52 
0.0101 


1.92 
0.0056 



The P" 1 (20) value in the case of Comparative example 5 is about a half of that in the case of Example 7. 
In short, the quantity of optically active substances added, in the case of Example 7, may be sufficient to be 
35 a half of that in the case of Comparative example 5; hence Example 7 is superior in that the resulting 
composition is cheaper and the effect upon the characteristics of the original nematic liquid crystal 
composition is small. 

Example 8 

40 . 

The above optically active substance B-14 belonging to the group of compounds expressed by the 
formula (IV); described in Japanese patent application No. Sho 60-283110/1985 (filed by Chisso Corpora- 
tion); obtained using R(-)-2-octanol as a starting raw material; and having a right helical twist sense, and the 
above optically active substance C-3 having the same twist sense as that of the above substance, were 

45 added in varied mixing proportions but so as to give a total quantity of 1% by weight, to the above nematic 
liquid crystal composition (A), to measure the temperature dependency of the twistability P~ 1 ' of the 
resulting liquid crystal composition. The fact that B-14 and C-3 have the same twist sense was confirmed 
according to contact method. 

The change of AP" 1 2 o-7o in varied mixing proportions of B-14 and C-3 is shown in Fig. 16. When the 

so quantity of B-14 added is 0.45% by weight, AP" 1 = 0, and the mixing proportion of B-14 in which AP" 1 *=i 
0 (i.e. -0.1 £ AP" 1 £ 0.1) has as very broad a range as 0.31 - 0.55% by weight. The mixing proportion in 
which AP" 1 £ 0.1 has as broad a range as 0.55 - 1.0% by weight. 

In comparison of Example 8 with Comparative example 5, the range of the mixing proportion in which 
AP - ' = 0 in the case of Example 8 is much broader than that in the case of Comparative example 5; hence 

55 the intrinsic pitch P is easily made constant irrespective of temperature. Further, the range of the mixing 
proportion in which AP" 1 2 0.1, in the case of Example 8, is much broader than that in the case of 
Comparative example 5; hence it is easy to control the temperature dependency of the intrinsic pitch P in 
order to reduce the temperature dependency of the threshold voltage V th . 
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Further, P~ 1 at 20 °C in the case of AP~ 1 = 0 was roughly estimated. The results are shown in Table 

12. 

Table 12 





Example 8 


Comparative example 5 


P-Vo) 


0.037 


0.032 



The value of P" 1 < 20 ) in the case of Example 8 is larger than that in the case of Comparative example 5. 
Further, comparison of P" 1 s at 20 *C in which AP" 1 is large is shown in Table 13. 

Table 13 





Example 8 


Comparative exmaple 5 


AP-V70 
P~Vo) 


1.21 
0.0094 


1.92 
0.0056 



20 

The value of P~ 1 (2o> in the case of Example 8 is about twice the value in the case of Comparative 
example 5. In short, the quantity of optically active substance added in the case of Example 8 may be 
sufficient to be less than that in the case of Comparative example 5; hence Example 8 is superior in that the 
resulting composition is cheaper and also the effect upon the characteristics of the original nematic liquid 

25 crystal composition is small. 

Examples 6, 7 and 8 indicate that when an optically active substance having a positive and very large 
AP- 1 20 -7o. as expressed by the formula (III) or (IV), and an optically active substance having the same twist 
sense as that of the former substance and having a negative and relatively small AP _1 2 o-7o are combined, 
then it is possible to easily control the temperature dependency of the intrinsic pitch P in order to be free 

30 from the temperature dependency of the twistability P _1 or to reduce the temperature dependency of the 
threshold voltage V th . It is seen from these facts that in order to control the temperature dependency of the 
intrinsic pitch P to thereby reduce the temperature dependency of the threshold voltage V lhl the mixture of 
an optically active substance having a positive and large AP~ 1 value and an optically active substance 
having the same twist sense as that of the above substance and a negative value of AP -1 broadens range 

35 of mixing proportion in which AP" 1 £ 0. Further, when the pitch of either components is shorter at room 
temperature, a smaller addition quantity thereof may be sufficient. 

Exampl es 9-11 and Comparative example 6 

40 An optically active substance B-17 belonging to a group of compounds of the formula (III) and 
expressed by the formula 



45 



CH 3 



n ~ C 5 H ll^(O^ 0 C (B-17) 



which substance is disclosed in Japanese patent application laid-open No. Sho 61-43; obtained using S( + )- 
so 2-octanol as a starting raw material; and has a left helical twist sense, and an optically active substance C- 
1 1 expressed by the formula 



55 



n " C 5 H ll° 




f 3 

0-CH-C 6 H 13 



(C-11) 
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which substance has the same twist sense as that of the above substance; is disclosed in Japanese patent 
application laid-open No. Sho 60-149548; and is obtained using S( + )-2-octanol as a starting raw material, 
were added to the above nematic liquid crystal composition D in varied mixing proportions so as to give an 
intrinsic pitch at 25' C of 80 am, to prepare 4 kinds of nematic liquid crystal compositions shown in Table 
5 14. 

Table 14 shows the mixing proportions of B-17 and C-11 in the respective compositions, the total 
quantities of the two compounds added and the AP- 1 2 <Mo. The fact that the twist senses of the optically 
active substances B-17 and C-11 are the same was confirmed according to contact method. 

10 Table 14 





Mixing propor- 
tion of B-17 


Total quantity 
added 


AP" 1 

° 20-40 


Example 9 


2.4 wt.% 


2.4 wt.% 


1.79 


10 


0.75 " 


0.83 " 


1.21 


11 


0.40 " 


0.50 " 


0.55 


Comparative 
example 6 


0 " 


0.12 " 


-0.03 



These 4 kinds of the compositions were sealed in the same TN cell as in Example 1 to measure their 
threshold voltages. The results are shown in Fig. 17, and from the results were calculated their temperature 
dependencies of the threshold voltages, which are shown in Table 15. 

30 . 

Table 15 



35 




AV th /At 






-30 - 25°C 


25 - 80°C 


40 


Example 9 


+10.7 


-3.5 




" 10 


0 


-6.7 




11 


-1.8 


-7.3 


45 


Comparative 
example 6 


-4.2 


-7.8 



so It is seen from Fig. 17 and Table 15 that in the case of Example 9, the temperature dependency of the 
threshold voltage is contrary to usual one on the lower temperature side, while the absolute value of the 
AV th /At is very small on the higher temperature side. In the cases of Examples 10 and 11, the absolute 
values of the AV th /At are far smaller than that in the case of Comparative example 6 on the lower 
temperature side although there are no large difference therebetween on the higher temperature side. 

55 Particularly in the case of Example 10, they are constant irrespective of temperature on the lower 
temperature side. 

As described above, by combining an optically active substance of the formula (la) with an optically 
active substance of the formula (II) both having the same twist sense, it is possible to control the 
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temperature dependency of the testability and also to reduce the temperature dependency of the threshold 
voltage. 

Example 12 

The above optically active substance B-12 belonging to the group of compounds of the formula (III) and 
disclosed in the Japanese patent application laid-open No. Sho 61-43, which substance is obtained using S- 
( + )-2-pentanol as a starting raw material and has a left twist sense, and the optically active substance C-9 
having the same twist sense as that of the former substance were added in varied mixing proportions but so 
as to give a total quantity of 1% by weight to the nematic liquid crystal composition (A), to measure the 
temperature dependency of the twistability P~ 1 . 

The change of AP" 1 20 .7o in varied mixing proportions of B-12 and C-9 is shown in Fig. 18. When the 
quantity of B-12 added is 0.57% by weight, AP" 1 = 0, and the range of the quantities thereof added in 
which AP~ 1 = 0 (-0.1 S AP" 1 £ 0.1) is as very broad as 0.14 - 0.74% by weight. 

In comparison of Example 12 with Comparative examples 4 and 5, the range of the mixing proportions 
in which AP" 1 N 0 is also very broad in Example 12. According to the prior art, optically active substances 
having the twist senses which are opposite to one another are mixed together so that the range in which 
AP " 1 " 0 is jn the vicinity where AP" 1 is divergent, whereby the range of the mixing proportion in which 
AP 1 0 is necessarily very narrow, and in order to make the intrinsic pitch constant irrespective of 
temperature, the very delicate mixing proportion should be exactly determined. According to the present 
invention, however, by mixing and adding optically active substances both having the same twist sense, it is 
possible to prepare a nematic liquid crystal composition of AP" 1 := 0; hence it has become very easy to 
control the temperature dependency of the intrinsic pitch. 

Further, in comparison of the value of the twistability at 20 *C in the case of AP' 1 = 0 in Example 12 
with that in Comparative example 4, the results shown in Table 16 are obtained. 

Table 16 





Example 12 


Comparative example 4 


AP- 1 20 -70 
P ~ 1 (20) 


0.01 
0.040 


0.14 
0.021 



The value of P" 1 (20 ) in the case of Comparative example 4 is about a half of that in the case of Example 
12. In short, in the case of Example 12, a smaller quantity of optically active substances may be sufficient 
as compared with that in the case of Comparative example 4. 

Example 13 

The above optically active substance B-15 belonging to the group of the compounds of the formula (IV) 
and disclosed in Japanese patent application No. Sho 60-51512/1985 filed by Chisso Corporation, which 
substance is obtained using S( + )-2-octanol as a starting raw material and has a left twist sense, and the 
above optically active substance C-9 having the same twist sense as that of the former substance, were 
added in varied mixing proportions but so as to give a total quantity of 1% by weight, to the above nematic 
liquid crystal composition (A) to measure the temperature dependency of the twistability P" 1 of the resulting 
liquid crystal composition. The change of AP" 1 20 . 70 in varied mixing proportions of the compounds B-15 and 
C-9 is shown in Rg. 19. When the quantity of B-15 added is 0.63% by weight. AP" 1 = 0, and the range of 
the quantities thereof added in which AP -1 0 (i.e. -0.1 £ AP"" 1 £ 0.1) is as very broad as 0.1 ~ 0.88% by 
weight. 

In the case of Example 13, the range of the mixing proportions in which AP" 1 ^ 0 is much broader 
than those in the cases of Comparative examples 4 and 5; hence it is very easy to control the temperature 
dependency of the intrinsic pitch. 

Further, the value of the twistability P" 1 at 20 *C in the mixing proportion in which AP" 1 ^ 0 was 
compared with that in Comparative example 4. The results are shown in Table 17. 
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Table 17 





Example 1 3 


Comparative example 4 


P ~ 1 (20) 


0.01 
0.046 


0.14 
0.021 



The value of P~ 1 <20) in Example 13 is twice or more the value in Comparative example 4. In short, in the 
case of Example 13, a smaller quantity of the optically active substance may be sufficient as compared with 
that in Comparative example 4. 

Example 14 

The above optically active substance B-16 belonging to the formula (V), obtained using R(-)-2-octanol 
as a starting raw material and having a right twist sense, and an optically active substance C-1 2 having the 
same formula as that of the former substance. C-9 but having a right twist substance, were added in varied 
mixing proportions but so as to give a total quantity of 1% by weight to the above nematic liquid crystal 
composition (A), to measure the temperature dependency of the twistability P" 1 of the resulting liquid 
crystal composition. The values of AP~ 1 20 -7o in varied mixing proportions are shown in Fig. 20. When the 
quantity of B-16 added is 0.22% by weight, AP" 1 = 0, and the range of the quantities thereof added in 
which AP~ 1 = 0 (-0.1 £ AP -1 £ 0.1) is as broad as 0.0 - 0.41% by weight. 

In this Example, the range of the mixing proportions in which P~ 1 ^ 0 is much broader than that in 
Comparative examples 4 and 5; hence it is very easy to control the temperature dependency of the intrinsic 
pitch. Further the value of P~ 1 at 20 • C in the case of AP"" 1 = 0 was roughly estimated employing the 
above equation (3). The results are shown in Table 18. 

Table 18 





Example 14 


Comparative example 4 


P 1 (20) 


0.048 


0.028 



The value of P~ 1 (2 o) in Example 14 is about twice the value in Comparative example 4. This indicates that as 
apparent from the equation (1), in order to obtain a definite intrinsic pitch, the quantity of optically active 
substances added in Example 14 may be sufficient to be about a half of that in Comparative example 4. 
The fact that a small quantity of optically active substances added may be sufficient affords two advantages 
that the resulting composition is cheap as much and there is no influence upon the characteristics of the 
original liquid crystal composition. 

Example 15 

The above optically active substances B-5 and C-3 were added in varied mixing proportions but so as 
to give a total quantity of 1% by weight to the above nematic liquid crystal composition (A) to measure the 
temperature dependency of the twistability P" 1 of the resulting liquid crystal composition. The values of 
AP~ 1 2o-7o in varied mixing proportions are shown in Fig. 21. When the quantity of B-5 added is 0.40% by 
weight, AP~ 1 = 0, and the range of the mixing proportions in which AP~ 1 *== 0 (-0.1 £ AP" 1 £ 0.1) is as 
broad as 0.30 - 0.55% by weight. Further, the range of the mixing proportions in which AP' 1 £ 0.1 is as 
very broad as 0.55 ~ 1 .0% by weight. 

In comparison of Example 15 with Comparative example 5, the range of the mixing proportion in which 
AP" 1 = 0 in the case of Example 15 is broader than that in the case of Comparative example 5; hence it is 
easy to make the intrinsic pitch P constant irrespective of temperature. Further, since the range of the 
mixing proportions in which -AP"" 1 £ 0.1 in the case of Example 15 is broader than that in the case of 
Comparative example 5, it is easy to control the temperature dependency of the intrinsic pitch P to thereby 
reduce the temperature dependency of the threshold voltage V lh . Further, the values of P _1 at 20 # C in the 
case of P _1 = 0 were roughly estimated. The results are shown in Table 19. 
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Table 19 





Example 15 


Comparative example 5 


P- , (20, 


0.048 


0.032 



The value of P _1 (20) in Comparative example 5 is considerably smaller than that in Example 15. In short, 
since the quantity of optically active substance added in Example 1 5 may be sufficient to be smaller than 
that in Comparative example 5, Example 15 is superior in that the resulting composition is cheap and the 
influence upon the characteristics of the original nematic liquid crystal composition is small. 

When the composition is applied to SBE mode, it is necessary to make the value of the intrinsic pitch P 
about 10 um, taking a usual cell thickness of about 7 urn into account. In order to make the P value 10 urn, 
the total addition quantity is 2.5% by weight in the case of Example 12; 2.2% by weight in the case of 
Example 13; 2.1% by weight in the case of Example 14; and 2.1% by weight in the case of Example 15. On 
the other hand, in order to make the P value 10 um, the total addition quantity is 4.8% by weight in the 
case of Comparative example 4. 

Since the optically active substance C-1 of Comparative example 4 is in the form of a transparent liquid 
at room temperature, the Nl point of the resulting liquid crystal composition considerably lowers due to 
considerable increase in the quantity thereof added. In order to prevent the composition from lowering the 
upper limit temperature of the nematic range, it is necessary to add another liquid crystal compound having 
a high clearing point (a high temperature liquid crystal compound). 

Since high temperature liquid crystal compounds generally have a high visocisity, the viscosity of the 
resulting liquid crystal composition rises, and further since the optically active substances themselves have 
a high viscosity, the viscosity of the liquid crystal composition rises considerably so that such a viscosity 
rise brings about a drawback of reducing the response speed. 

In the case of the above TN mode, an intrinsic pitch of about 100 - 200 um is generally used, and so a 
small addition quantity may be sufficient; hence the effect upon the N-l point or the viscosity is small. 
Whereas, in the case of SBE mode or the like wherein a shorter pitch is required, the addition quantity 
increases to a large extent. Nevertheless, it is desired to inhibit bad influence due to addition of optically 
active substances to the utmost. 

Examples 12 - 15 are directed to the case where an optically active compound as expressed by the 
formula (111) or (V), and having a AP~ 1 2 o-7o value which is positive but not so large, is combined with an 
optically active substance having the same twist sense as that of the former substance, and also having a 
AP" 1 2o-7o value which is negative value and relatively small. 

From the results of these Examples it is seen that for the purpose of being free from the temperature 
dependency of the intrinsic pitch P in order to use the compositions for SBE mode, DGH mode or PC 
mode, addition of an optically active substance having a positive and small AP~ 1 value and an optically 
active substance having the same twist sense as that of the former substance and also having a negative 
and small AP~ 1 value, broadens the range of the mixing proportion in whcih AP~ 1 = 0; hence the object is 
very easily attained. Further, the optically active components both are preferred to have a shorter pitch at 
room temperature, because a smaller addition quantity is required. 

As described above, it is commercially very important that addition of only a small quantity of optically 
active substances makes it possible to very easily control the intrinsic pitch of nematic liquid crystal 
compositions. 

Claims 

1. A nematic liquid crystal composition which comprises (i) one or more optically active substances which 
are the same in the helical twist sense to one another and give a positive temperature dependency in 
the testability (in terms of the reciprocal of the intrinsic helical pitch thereof) of the cholesteric phase 
induced when individually added to a mix of one or more nematic liquid crystals, and (ii) one or more 
nematic liquid crystals, wherein the optically active substances (i) are selected from compounds of the 
formulae (la), (lb) and (Ic), and have an optically active 
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CH, 

-OCH-R 
* 



CH. 



group or -OC- R J group: 



R -X 




CH, 



B H^r Z-^ C >^-0CH- R 1 





rj\ 1 ip2 



(la) 



(lb) 



T T 
\ / CH. 



Y Z 1 



wherein: 



(Ic) 



(a) , 0 and 0 



each independently represent a benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring 
pyridine ring; 

t and m each represent an integer of 0, 1 or 2; 
n represents an integer of 1 or 2; 
the total value of (i + m + n) is 1 to 4; 
X represents a single bond, 

0 O 
II. II 
-C-, -CO-, 



-CH2- or -CH2CH2-; 

Y represents a single bond when t = 0; 
Z represents a single bond when m = 0; 

Y and Z each independently represent 



46 



EP 0 211 646 B1-- 



9 0 
(i it 
-co-, -00/ 

-CH 2 0-, -OCH -CH 2 CH2-, -CH = N- or -N-CH- when I'm^O; 

R represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or a cyano group; 

R 1 represents a linear chain aikyl group of 2 to 10 carbon atoms; and 

X represents a single bond when R is cyano group; 

x and z each represent an integer of 0 or 1 ; 

y represents an integer of 0, 1 or 2; 

the total value of (x + y + z) is 0 to 2; 

Xi represents a single bond, 



0 0 
II H 
-C-, -co-, 



-CH 2 0-or CH2CH2-; 

Y1 represents a single bond when y = 0 and 
Y1 represents 



0 0 
II II 
-CO-, -0C-, 

-CH 2 0-, -OCH2-, -CH2CH2-, -CH = N- or -N = CH- when y is 1 or 2; 
Z1 represents a single bond, 

O 0 
> II 
-CO-, -0C-, 

-CH2O-, -OCH2-, -CH2CH2-, -CH = N- or N = CH-; 

T 1 , T 2 , T 3 and T* each independently represent a hydrogen atom, a halogen atom or a cyano group; 
R 2 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or cyano group or a 
halogen atom, and X1 represents a single bond when R 2 is cyano group or a halogen atom; and 
R 1 and R 3 each represent a linear chain alkyl group of 2 or 10 carbon atoms. 

A nematic liquid crystal composition according to claim 1 wherein said optically active substances of 
formulae (la), l(b) and (Ic) are present in an amount in the range of 0.05 to 10% by weight in said 
composition. 

A nematic liquid crystal composition according to claim 1 or claim 2 wherein said optically active 
substances (i) have the formula (III) 

CH 3 





o^v^qWocW 



£-och-it (in) 



wherein a represents an integer of 0, 1 or 2; b represents an integer of 1 or 2; the value of (a + b) is 2 
or 3; Vi represents a single bond when a = 0, and represents -COO-, -OCO-, -CH 2 0-, -OCH 2 - or 
-CH2CH2- when a is 1 or 2; and R and R 1 are as defined in claim 1. 
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4. A nematic liquid crystal composition according to claim 1 or claim 2 wherein said optically active 
substances (i) have the formula (IV) 



5 




(IV) 



70 

wherein c and d each represent an integer of 0 or 1; V 2 represents a single bond, -COO- or -OCO-; T\ 
T 2 , T 3 and T 4 , each represent a hydrogen atom, a halogen atom or a cyano group; and R 1 and R 2 are 
each as defined in claim 1 . 

75 5. A nematic liquid crystal composition according to claim 1 or claim 2 wherein said optically active 
substances (i) are expressed by the formula (V) 

f 3 V 3 

R 3 -CHO-H^O)^V 3 H-<^0)-^OCH-R 1 <V) 

wherein e represents an integer of 0, 1 or 2; f represents an integer of 1 or 2; the value of (e + f) is 1 
25 to 3; V 3 represents a single bond when e = 0, and represents -COO- or -CH 2 - when e is 1 or 2; and R 1 
and R 3 are as defined in claim 1. 



6. A nematic liquid crystal composition as claimed in any one of the preceeding claims additionally 
comprises (Mi) one or more optically active substances which have the same helical twist sense as that 
30 of the optically active substances (i) and give a negative temperature dependency in the twistability of 
the induced cholesteric phase when individually added to a mix of one or more nematic liquid crystals; 
said optically active substances (iii) being of the formula (II):- 




each independently represent a benzene ring, cyclohexane ring, dioxane ring, pyrimidine ring or 
pyridine ring; 
so p and q each represent 0, 1 or 2; 
r represents 1 or 2; 
the value of (p + q + r) is 1 to 4; 
s represents 0, 1 , 2, 3 or 4; 

X 2 represents -0-, -CO-, -COO-, -OCO-, -OCOO-, -OCH 2 - or -OCH 2 CH 2 -; 
55 Y 2 represents a single bond when p = 0; 
Z 2 represents a single bond when q = 0; 

Y 2 and Z 2 each independently represent -COO-, -OCO-, -CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = N- or 
-N = CH- when p.q * 0; 
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W represents a single bond, -COO- or -OCO- when s = 0, and represents -0-, -COO- or -OCO- when s 
represents 1 , 2, 3 or 4; 

R 4 represents an alkyl group of 1 to 15 carbon atoms or cyano group; 
R 5 represents a linear chain aikyl group of 2 to 10 carbon atoms; and 
X 2 represents a single bond when R 4 is a cyano group. 

7. A nematic liquid crystal composition according to claim 6 wherein said optically active substances (i) 
are of formula (III) as detained in claim 2 and said optically active substances (iii) being of the formula 
(VI): 

r6 "K2^ (vd 

wherein 

g represents 0, 1 or 2; 

h represents 1 or 2; 

the value of (g + h) is 1 to 3; 

V 4 represents a single bond when g = 0 and represents -COO-, -OCO-, -CH 2 0- or -OCH 2 - when q is 1 
or 2; 

Wi represents a single bond, -O- or -COO-; and 

R 6 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms or a cyano group. 

8. A nematic liquid crystal composition according to calim 6 wherein said optically active substances (i) 
are of formula (III) as defined in claim 3 and said optically active substances (iii) are of the formula (VII): 




(VII) 



wherein 

i represents 0, 1 or 2; 

j represents 1 or 2; 

the value of (i + j) is 1 to 3; 

V 5 represents a single bond when i = 0 and represents -COO-, -OCO-, -CH 2 0- or -OCH 2 - when i is 1 
or 2; 

R 7 represents an alkyl group or an alkoxy group each of 1 to 15 carbon atoms; and 
R 8 represents a linear chain alkyl group of 2 to 10 carbon atoms. 

9. A nematic liquid crystal composition according to claim 6 wherein said optically active substances (i) 
are of the formula (IV) as defined in claim 4 and said optically active substances (iii) are compounds of 
the formula (VI) as defined in claim 7. 

10. A nematic liquid crystal composition according to claim 6 wherein said optically active substances (i) 
are of formula (IV) as defined in claim 4 and said optically active substances (iii) of formula (VII) as 
defined in claim 8. 

11. A nematic liquid crystal composition according to claim 6 wherein said optically active substances (i) 
one of formula (V) as defined in claim 5 and said optically active substances (iii) are of formula (VI) as 
defined in claim 7. 

12. A nematic liquid crystal composition according to claim 6 wherein said optically active substances (i) 
are of formula (V) as defined in claim 5 and said optically active substances (iii) are of formula (VII) as 
defined in claim 8. 
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13. A liquid crystal display element characterized by using a nematic liquid crystal composition as claimed 
in any one of the preceding claims. 

Revendlcatlons 

1. Une composition de cristaux liquides nematiques comprenant (i) une ou plusieurs substances optique- 
ment actives, identiques I'une a I'autre dans le sens de torsion heiicoMjal et donnant une d^pendance 
positive de la temperature dans le pouvoir de torsion (en termes de la valeur rSciproque du pas 
hSlicoidal intrinseque correspondant) de la phase cholestSrique induite lorsqu'elles sont ajoutSes 
individuellement a un melange d'un ou de plusieurs cristaux liquides nematiques, ainsi que (ii) un ou 
plusieurs cristaux liquides nematiques, dans laquelle les substances optiquement actives (i) sont 
choisies parmi des composes ayant les formules (la), (lb) et (Ic) et ayant un groupe optiquement actif 
de 



-OCH-R 
★ 



ou 



-oc- r 3 : 
* 



R-X 





B 



m 




CH 5 
•I 

OCH- R 1 



(la) 



R 




(lb) 



CH T ' 



T 3 • T 4 
\ / CH - 



ou: 



0-0 e,0 



(Ic) 



represented chacun independamment un cycle benzenique, un cycle de cyclohexane, un cycle de 

dioxanne, un cycle de pyrimidine ou un cycle pyridinique; 

1 et m repr^sentent chacun un entier de 0, 1 ou 2; 

n represente un entier de 1 ou 2; 

la valeur totale de (I + m + n) est de 1 a 4; 

X represente une liaison simple, 



0 
It 

CO-, 



50 



EP 0 211 646 B1 



-CH 2 - ou -CH2CH2-; 

Y represente une liaison simple si 1 =0; 
Z represent© une liaison simple si m = 0; 

Y et Z representent chacun independamment 



0 0 
II II 
- CO-, -0C - , 

-CH2O-, -OCH 2 -, -CH 2 CH 2 -, -CH = N- ou -N = CH- si i . m * 0; 

R represente un groupe alkyle ou un groupe alkoxyde ayant chacun de 1 a 15 atomes de carbone ou 
un groupe cyano; 

R 1 represente un groupe alkyle a chaTne lineaire ayant de 2 a 10 atomes de carbone; et 

X represente une liaison simple si R est un groupe cyano; 
x et Z representent chacun un entier de 0 ou 1 ; 

y represente un entier de 0, 1 ou 2; 

la valeur totale de (x + y + z) est de 0 a 2; 

XI represente une liaison simple, 



0 0 
II II 
- C-, - CO-, 



-CH2O- ou -CH 2 CH 2 -,; 

Y1 represente une liaison simple si y = 0 et. 
Y1 represente 



0 0 
CO-, -0 H-, 



-CH 2 0-, -OCH 2 -, -CH 2 CH 2 , -CH = N- ou -N = CH- si y est <§gal a 1 ou 2; 
Z1 represente une liaison simple , 



0 

So. 



0 
II 

-0 C-, 



-CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = N- ou -N = CH = ; 

T\ T 2 , T 3 et T 4 representent chacun independamment un atome d'hydrogene, un atome d'halogene ou 
un groupe cyano; 

R 2 represente un groupe alkyle ou un groupe alkoxyde, ayant chacun de 1 a 15 atomes de carbone ou 
un groupe cyano ou un atome d'halogene, et X1 represente une liaison simple si R 2 est un groupe 
cyano ou un atome d'halogene; et 

R 1 et R 3 representent chacun un groupe alkyle a chaTne lineaire ayant de 2 a 10 atomes de carbone. 

Une composition de cristaux liquides nematiques selon la revendication 1 , dans laquelle la quantite des 
dites substances optiquement actives ayant les formules (la), (lb) et (Ic) dans ladite composition 
represente de 0,05 a 10% en poids. 

Une composition de cristaux liquides nematiques selon la revendication 1 ou la revendication 2, dans 
laquelle lesdites substances optiquement actives (i) ont la formule (III) 
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(III) 



ou a represents un entier de 0, 1 ou 2; b represents un entier de 1 ou 2; la valeur de (a + b) est de 2 
ou 3; Vi represents" une liaison simple si a = 0, et represente -CQO-, -OCO-, -CH 2 0-, -OCH 2 - ou 
-CH 2 CH 2 - si a est egal a 1 ou 2; et ou R et R 1 ont les valeurs definies dans la revendication 1. 

Une composition de cristaux liquides nematiques selon la revendication 1 ou la revendication 2, dans 
laquelle lesdites substances optiquement actives (i) ont la formule (IV) 




(IV) 



ou c et d represented chacun un entier de 0 ou 1 ; V 2 represente une liaison simple, -COO- ou -OCO-; 
T\ T 2 , T 3 et T* represented chacun un atome d'hydrogene, un atome d'halogene ou un groupe cyano; 
et ou R 1 et R 2 ont chacun les valeurs definies dans la revendication 1. 

Une composition de cristaux liquides nematiques selon la revendication 1 ou la revendication 2, dans 
laquelle lesdites substances optiquement actives (i) sont exprim^es par la formule (V) 




ou e represente un entier de 0, 1 ou 2; f represente un entier de 1 ou 2; la valeur de (e + f) est de 1 a 
3; V 3 represente une liaison simple si e = 0, et represente -COO- ou -CH 2 - si e est egal a 1 ou 2; et 
R 1 et R 3 ont les valeurs definies dans la revendication 1 . 

Une composition de cristaux liquides nematiques selon Tune quelconque des revendications preceden- 
tes, comprenant en plus (iii) une ou plusieurs substances optiquement actives ayant le meme sens de 
torsion heiico'idal que celui des substances optiquement actives (i) et donnant une dependance 
negative de la temperature dans le pouvoir de torsion de la phase choiesterique induite iorsqu'elles 
sont ajoutees individuellement a un melange d'un ou de plusieurs cristaux liquides nematiques; lesdites 
substances optiquement actives (iii) ayant la formule (II):- 




(II) 

ou 
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5 

represented chacun independamment un cycle benzenique, un cycle de cyclohexane, un cycle de 
dioxanne, un cycle de pyrimidine ou un cycle pyridinique; 
p et q correspondent chacun a 0 t 1 ou 2; 
r correspond a 1 ou 2; 
70 la valeur de (p + q + r) est de 1 a 4; 
s correspond a 0, 1 , 2, 3 ou 4; 

X 2 represente -0-, -CO-, -CO.O-, OCO-, -OCOO-, -OCH 2 - ou -OCH 2 CH 2 -; 
Y 2 represente une liaison simple si p = 0; 
Z 2 represente une liaison simple si q = 0; 
75 Y 2 et Z 2 represented chacun independamment a -COO-, -OCO-, -CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = N- 
ou -N = CH- si p.q * 0; 

W represente une liaison simple, -COO- ou -OCO- si s = 0, et represente -0-, -COO- ou -OCO- si s 
est egal a 1 , 2, 3 ou 4; 

R 4 represente un groupe alkyle ayant de 1 a 15 atomes de carbone ou un groupe cyano; 
20 R 5 represente un groupe alkyle a chaTne lineaire ayant de 2 a 10 atomes de carbone; et 
X 2 represente une liaison simple si R* est un groupe cyano. 

7. Une composition de cristaux liquides n^matiques selon la revendication 6, dans laquelle lesdites 
substances optiquement actives (i) ont la formule (III) comme decrit en detail dans la revendication 2, 
25 lesdites substances optiquement actives (iii) ayant la formule (VI) : 



CH 3 

r6 -H(^0^^ (VI) 

ou g correspond a 0, 1 ou 2; 
35 > h correspond a 1 ou 2; 

la valeur de (g + h) est de 1 a 3; 

V 4 represente une liaison simple si g = 0 et represente -COO-, -OCO-, -CH 2 0- ou -OCH 2 - si g est egal 
a 1 ou 2; 

Wi represente une liaison simple, -0- ou -COO-; et 
40 R 6 represente un groupe alkyle ou un groupe alkoxyde, ayant chacun de 1 a 15 atomes de carbone ou 
un groupe cyano. 

8. Une composition de cristaux liquides nematiques selon la revendication 6, dans laquelle lesdites 
substances optiquement actives (i) ont la formule (III) comme defini dans la revendication 3, lesdites 
45 substances optiquement actives (iii) ayant la formule (VII): 



50 




(VII) 



ou i correspond a 0, 1 ou 2; 
j correspond a 1 ou 2; 
55 . la valeur de (i + j) est de 1 a 3; 

V 5 represente une liaison simple si i = 0 et represente -COO-, -OCO-, -CH 2 0- ou OCH 2 - si i est egal a 
1 ou 2; 

R 7 represente un groupe alkyle ou un groupe alkoxyde, ayant chacun de 1 a 15 atomes de carbone; et 



53 



EP0 211 646 B1 



R 8 represents un groupe alkyle a chatne lineaire ayant de 2 a 10 atomes de carbone. 

9. Une composition de cristaux liquides nematiques selon ia revendication 6, dans laquelle lesdites 
substances optiquement actives (i) ont la formule (IV) comme d£fini dans la revendication 4, lesdites 

5 substances optiquement actives (iii) Stant des composes ayant la formule (VI) comme dSfini dans la 
revendication 7. 

10. Une composition de cristaux liquides nematiques selon la revendication 6, dans laquelle lesdites 
substances optiquement actives (i) ont la formule (IV) comme defini dans la revendication 4, lesdites 

10 substances optiquement actives (iii) ayant la formule (VII) comme d§fini dans la revendication 8. 

11. Une composition de cristaux liquides nematiques selon la revendication 6, dans laquelle lesdites 
substances optiquement actives (i) ont la formule (V) comme defini dans la revendication 5, lesdites 
substances optiquement actives (iii) ayant la formule (VI) comme defini dans la revendication 7. 

75 

12. Une composition de cristaux liquides nematiques selon la revendication 6, dans laquelle lesdites 
substances optiquement actives (i) ont la formule (V) comme defini dans la revendication 5, lesdites 
substances optiquement actives (iii) ayant la formule (VII) comme defini dans la revendication 8. 

20 13. Un element d'affichage a cristaux liquides caracterise* par I'utiiisation d'une composition de cristaux 
liquides nematiques selon Tune quelconque des revendications precedentes. 

Patentanspruche 

25 1. Nematische Flussigkristallzusammensetzung, 
gekennteichnet durch 

(i) . eine oder mehrere optisch aktive Substanzen, die gegenseitig den gleichen helikalen Drehsinn 
aufweisen und in der Drehbarkeit eine positive Temperaturabhangigkeit (ausgedruckt als deren 
reziproke helikale Eigensteigung) der cholesterischen Phase ergeben, die induziert wird, wenn sie 

30 einzeln zu einer Mischung aus einer oder mehreren nematischen Flussigkristallen gegeben wird, und 

(ii) ein oder mehrere Flussigkristalle, worin die optisch aktiven Substanzen (I) gewahlt werden aus 
Verbindungen der Formeln (la), (lb) und (Ic) und eine optisch aktive 



35 



40 



45 
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(Ic) 

worin: 



(7} , (7} und (T) 

unabhangig von einander je einen Benzolring, einen Cyclohexanring, einen Dioxanring, einen 

Pyrimidinring Oder einen Pyridinring darstellen; 

I und m jeweils die ganze Zahl 0, 1 oder 2 bedeuten; 

n die ganze Zahl 1 oder 2 bedeutet; 

wobei der Gesamtwert der Summe (I + m + n) 1 bis 4 betragt; 
X eine Einfachbindung, 

0 O 

1 « 

-C-, -co-, 

-CH 2 oder -CH 2 CH 2 - bedeutet; 

Y eine Einfachbindung bedeutet, wenn I = 0 ist; 
Z eine Einfachbindung bedeutet, wenn m = 0 ist; 

Y und Z unabhangig jeweils 
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? ° 
•CO-, -OC-, 

5 

-CH 2 O t -OCH2-, -CH2CH2-, -CH = N-oder -N = CH- bedeuten, wenn l*m * 0 ist; 

R eine Alkylgruppe Oder eine Alkoxygruppe mit je 1 bis 15 Kohlenstoffatomen oder eine Cyanogrup- 

pe bedeutet; 

R 1 eine geradkettige Alkylgruppe mit 2 bis 10 Kohlenstoffatomen bedeutet; und 
10 X eine Einfachbindung bedeutet, wenn R eine Cyanogruppe ist; 

x und z jeweils die ganze Zahl 0 Oder 1 bedeuten; 
y die ganze Zahl 0, 1 oder 2 bedeutet; 
wobei der Wert der Summe ( x + y + z) 0 bis 2 betragt; 
X1 eine Einfachbindung. 

75 

0 0 

n h 

-C-, -co-, 

20 -CH2O- oder -CH 2 CH 2 bedeutet; 

Y1 eine Einfachbindung bedeutet, wenn y = 0 ist und 



25 6 " O 

it 1 

Vco-,-00, 

-CH2O-, -OCH2-, -CH2CH2-, -CH = N- oder -N = CH- bedeutet, wenn y 1 oder 2 ist; 
30 Z^ eine Einfachbindung, 



9 0 

-CH20-, -OCH2-, 

-CH2CH2-, -CH = N- oder -N = CH- bedeutet; 

T\ T 2 , T 3 und T* unabhangig je ein Wasserstoffatom, ein Halogenatom oder eine Cyanogruppe 
40 bedeuten; 

R 2 eine Alkylgruppe oder Alkoxygruppe mit je 1 bis 15 Kohlenstoffatomen oder eine Cyanogruppe 
oder ein Halogenatom bedeutet, und X, eine Einfachbindung bedeutet, wenn R 2 eine Cyanogruppe 
oder ein Halogenatom ist; und 

R 1 und R 3 je eine geradkettige Alkylgruppe mit 2 bis 10 Kohlenstoffatomen bedeuten. 

45 

2. Nematische Flussigkristallzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daJ3 die 
optisch aktiven Substanzen der Formeln (la), (lb) und (Ic) in einer Menge im Bereich von 0,05 bis 10 
Gew.-% in der Zusammensetzung vorhanden sind. 

50 3. Nematische Flussigkristallzusammensetzung nach Anspruch 1 oder 2,dadurch gekennzeichnet, da£ 
die optisch aktiven Substanzen (i) die Formel (III) aufweisen 



55 




(III) 
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worin a die ganze Zahl 0, 1 Oder 2 bedeutet; 
b die ganze Zahl 1 oder 2 bedeutet; 

der Wert der Summe (a + b) 2 oder 3 betragt; Vi eine Einfachbindung bedeutet, wenn a = 0 ist, und 
-COO-, -OCO-, CH 2 0-, -OCH2- Oder -CH 2 CH 2 -bedeutet, wenn a 1 oder 2 ist; und 
R und R 1 definiert sind wie in Anspruch 1 . 

Nematische Flussigkristalizusammensetzung nach Anspruch 1 oder 2,dadurch gekennzelchnet, daB 
die optisch aktiven Substanzen (i) die Formel (IV) aufweisen 




(IV) 



worin c und d jeweils die ganze Zahl 0 oder 1 bedeuten; 
V 2 eine Einfachbindung, -COO- oder -OCO- bedeutet; 

T\ T 2 , T 3 und T 4 je ein Wasserstoffatom, ein Halogenatom oder eine Cyanogruppe bedeuten; und R 1 
und R 2 jeweils definiert sind wie in Anspruch 1 . 

Nematische Flussigkristalizusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dafl 
die optisch aktiven Substanzen (i) dargestellt werden durch die Formel (V) 

CH 3 CH 3 
R 3 -CHO+(3)-^ 3 +@^H- R l (V> 

worin e die ganze Zahl 0, 1 oder 2 bedeutet; 

f die ganze Zahl 1 oder 2 bedeutet; 

der Wert der Summe (e + f ) 1 bis 3 betragt; 

V 3 eine Einfachbindung bedeutet, wenn e = 0 ist, und -COO- oder -CH 2 - bedeutet, wenn e 1 oder 2 
ist; und 

R 1 und R 3 definiert sind wie in Anspruch 1. 

Nematische Flussigkristalizusammensetzung nach einem der vorstehenden Anspruche, dadurch ge- 
kennzeichnet, dafi sie des weiteren (iii) eine oder mehrere optisch aktive Substanzen umfaflt, die den 
gleichen helikalen Drehsinn aufweisen wie die optisch aktiven Substanzen (i) und in der Drehbarkeit der 
induzierten cholesterischen Phase eine negative Temperaturabhangigkeit ergeben, wenn sie einzeln zu 
einer Mischung von einer oder mehreren Flussigkristallen gegeben werden; wobei die optisch aktiven 
Substanzen (iii) durch die Formel (II) dargestellt werden: 
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unabhangig je einen Benzolring, einen Cyclohexanring, einen Dioxanring, einen Pyrimidinring oder 
einen Pyridinring darstellen; 
p und q jeweils 0, 1 oder 2 bedeuten; 
r 1 oder 2 bedeutet; 
5 der Wert der Summe (p + q + r) 1 bis 4 betragt; 
s 0, 1, 2, 3 oder 4 bedeutet; 

X2 -0-, -CO-, -COO-, -OCO-, -OCOO-, -OCH 2 - Oder -OCH 2 CH 2 - bedeutet; 
Y2 eine Einfachbindung bedeutet, wenn p = 0 ist; 
Z 2 eine Einfachbindung bedeutet, wenn q = 0 ist; 
70 Y 2 und Z 2 unabhangig jeweils -COO-, -OCO-, -CH 2 0-, -OCH 2 -, -CH 2 CH 2 -, -CH = N- Oder -N = CH- 
bedeuten, wenn p*q * 0 ist; 

W eine Einfachbindung, -COO- oder -OCO- bedeutet, wenn s = 0 ist, und -0-, -COO- oder -OCO- 
bedeutet, wenn s 1 , 2, 3 oder 4 ist; 

R* eine Alkylguppe mit 1 bis 15 Kohlenstoffatomen oder eine Cyanogruppe bedeutet; 
75 R 5 eine geradkettige Alkylgruppe mit 2 bis 10 Kohlenstoffatomen bedeutet; und 
X 2 eine Einfachbindung bedeutet, wenn R 4 eine Cyanogruppe ist. 

7. Nematische Flussigkristallzusammensetzung nach Anspruch 6, dadurch gekennzeichnet, da/3 die 
optisch aktiven Substanzen (i) durch die in Anspruch 2 beschriebene Formel (III) und die optisch 
20 aktiven 

Substanzen (iii) durch die Formel (VI) dargestellt werden: 



25 



30 



45 



50 



R 6 ^0>+TV 4 -^OHvrW 1 -<=H 2 -CH-C 2 H 5 (VI) 
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worin g 0, 1 oder 2 bedeutet; 
h 1 oder 2 bedeutet; 

der Wert der Summe (g + h) 1 bis 3 betragt; 

V 4 eine Einfachbindung bedeutet, wenn g = 0 ist, und -COO-, -OCO-, -CH 2 0- oder -OCH 2 - bedeutet, 
35 wenn g 1 oder 2 ist; 

W1 eine Einfachbindung, -O- oder -COO- bedeutet; und 

R G eine Alkylgruppe oder eine Alkoxygruppe mit je 1 bis 15 Kohlenstoffatomen oder eine Cyanogruppe 
bedeutet. 

40 8. Nematische Flussigkristallzusammensetzung nach Anspruch 6, dadurch gekennzeichnet, 6aB die 
optisch aktiven Substanzen (i) durch die in Anspruch 3 beschriebene Formel (III) und die optisch 
aktiven 

Substanzen (iii) durch die Formel (VII) dargestellt werden: 



f 3 

R 7 -K^OV^ V 5~ H (0) H T^ 0 - CH - R 8 (VII) 





worin i 0, 1 oder 2 bedeutet; 
j 1 oder 2 bedeutet; 

der Wert der Summe (i + j) 1 bis 3 betragt; 
55 V 5 eine Einfachbindung bedeutet, wenn i = 0 ist und -COO-, -OCO-, -CH 2 0- oder -OCH 2 - bedeutet, 
_ wenn i 1 oder 2 ist; 

R 7 eine Alkylgruppe oder eine Alkoxygruppe mit 1 bis 15 Kohlenstoffatomen bedeutet; und 
R 8 eine geradkettige Alkylgruppe mit 2 bis 10 Kohlenstoffatomen bedeutet. 
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9. Nematische Flussigkristallzusammensetzung nach Anspruch 6, dadurch gekennzeichnet, dafl die 
optisch aktiven Substanzen (i) durch die in Anspruch 4 beschriebene Forme! (IV) und die optisch 
aktiven Substanzen (iii) Verbindungen der in Anspruch 7 beschriebenen Formel (VI) sind. 

10. Nematische Flussigkristallzusammensetzung nach Anspruch 6, dadurch gekennzeichnet, dafl die 
optisch aktiven Substanzen (i) durch die in Anspruch 4 beschriebene Formel (IV) und die optisch 
aktiven Substanzen (iii) durch die in Anspruch 8 beschriebene Formel (VII) dargestelit werden. 

11. Nematische Flussigkristallzusammensetzung nach Anspruch 6, dadurch gekennzeichnet; dai3 die 
optisch aktiven Substanzen (i) durch die in Anspruch 5 beschriebene Formel (V) und die optisch aktiven 
Substanzen (iii) durch die in Anspruch 7 beschriebene Formel (VI) dargestelit werden. 

12. Nemtische Flussigkristallzusammensetzung nach Anspruch 6, dadurch gekennzeichnet, dafl die 
optisch aktiven Substanzen (i) durch die in Anspruch 5 beschriebene Formel (V) und die optisch aktiven 
Substanzen (iii) durch die in Anspruch 8 'beschriebene Formel (VII) dargestelit werden. 

13. Flussigkristallanzeigeelement, charakterisiert durch die Verwendung einer nematischen Flussigkristall- 
zusammensetzung nach einem der vorstehenden Anspruche. 
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FIG. 3 
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FIG. 6 
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FIG. 7 
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FIG. 9 




— ' 1 i i t_ 

-20 0 20 40 60 80 

°C 



66 



EP0 211 646 B1 



FIG. 10 
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FIG. 15 
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FIG. 17 
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